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How To Improve Response Speed of 
Servos Using Wire-Wound Pots... 
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High starting torque Wire-Wound pot (A) stalls Servo Motor (B). 
Motor overheats. Frying Pan (C) becomes hot and proceeds to pop 
corn. (Note Popcorn Hopper (D) designed for slow, continuous flow of 
top quality corn.) As corn pops, Turbo Jet Popcorn Aimer (E) directs 
stream of popped corn to Funnel (F). Corn is then directed into 
Auxiliary Power Treadmill (G), causing popcorn-loving mice to start 
Power Treadmill revolving as they begin to chase falling popcorn. 
Revolving Power Treadmill then turns Pulley (H) which turns Gears 
(1 & J), in turn revolving Pulleys (K & L). Pulley (L) spins Fly-Ball 
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Low torque is an inherent property of C.1.C. Film Pots. The 
smooth, unbroken, mirror-like surface of film offers minimum 
friction to the wiper and requires low brush pressures for 
continuity. As a result, C.I.C. Film Pots have multi-million 
cycle life.* Write for your free C.I.C. catalog facts today. 


*Ask for list of missiles and aircraft 
currently using C.1.C. Film Pots, 
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Governor-Grabber (M). As momentum is increased Governor-Grabber 
causes spinning Clutch-Hands (N & O) to engage Wheel (P), supply- 
ing the additional torque necessary to start servo rotating. 

Reversing input signal flips Solenoid (Q) to reverse position, sliding 
Funnel (F) to Mouse-Reverse position. As popcorn is then directed into 
other side of Power Treadmill, the mice reverse their running action so 
as to continue catching falling popcorn. Periodic replacement with 
fresh mice and/or use of cheese-flavored popcorn can be used to 
increase efficiency of this system. 
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BUT THE BEST WAY YET... Use G.1.C. Low-Torque Fi Pots! 





e INHERENT RELIABILITY 
e INFINITE RESOLUTION 
@ PRECISION LINEARITY 


® MULTI-MILLION CYCLE LIFE 
* LOW OPERATIONAL NOISE 
* VIDEO FREQUENCY OPERATION 
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High Precision 
Data Logger for $3,600 
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The RS2 Recording Digital Voltmeter — now in volume production at Non-Linear Systems, Inc.— scans up to 20 double-pole input 


channels . . . measures DC voltage from +0.001 to +999.9 with +0.01% accuracy . 


. and records input channel number and the 4-digit 


voltage measurement. Uses include research and development, quality control, environmental and reliability testing. 





Volume production and simplified controls of 
the RS2 account for its low cost — half to a third 
less than custom-built units. 





Plug-in stepping switches in the digital volt- 
meter section of the RS2 permit replacement of 
all switches and decade resistors in minutes 
instead of days. 





Note the compact, plug-in modular design of 
the scanner-printer section of the RS2. 
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NLS Reports on Low-Cost, Standard Data Logger 


A low-cost automatic data logger built as an integrated scanning, measuring and 
printing system—the RS2 Recording Digital Voltmeter —is now in volume 
production at Non-Linear Systems, Inc. 

This economy-priced NLS logger is designed for applications requiring high accu- 
racy and low cost without need for the higher speed and greater input capacity of 
higher cost NLS systems. Simplified controls offer several automatic and manual 
modes of operation to meet the needs of a great number of applications. 

While utilizing many circuits field-tested for six years in thousands of NLS digital 
voltmeters, the RS2 has undergone extensive testing as a standard, complete 
system. It is delivered ready to use, without need for additional engineering or 
complex interconnections. 


Call your NLS regional office or ecassiiiinaii e for a demonstration, or write NLS, 


SEE THE RS2 AT WESCON, BOOTHS 1518-1520 


RS2 BRIEF SPECIFICATIONS 


Visual Indication: 4-digit voltage reading with 
correct polarity and range. 2 digits for input 
channel identification. 

Range-Polarity Indication: automatic 


tem continually repeats automatic scanning 
cycle from channel 00 to 19. ONE CYCLE 
— system automatically stops after scanning 
channel 19. PRINT — one input is measured 
without advancing scanner. Scanner may be 
nels; measuring DC voltage from +0.001 to manually advanced one channel at a time by 
+999.9 in ranges of +9.999/99.99/999.9; depressing front panel ADVANCE button. 
printing channel number, 4-digit reading, AC Voltage: Use NLS AC/DC Converter. 
polarity and decimal point placement. Low-Level DC: Use NLS Model 140 Preamplifier. 
Accuracy: +0.01% of full scale on each range. Input Impedance: 10 megs on all ranges. 
Speed: 2 seconds average for each data point Size: 14” high, 15%” deep for 19” rack. 
scanned, measured and recorded. Delivery: From stock. 30 days, maximum, should 
Scanner Operation Modes: AUTO CYCLE — sys- stocks become depleted. 


Functions: scanning up to 20-double-pole chan- 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR, CALIFORNIA 
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This DPDT, permanent magnet, latching relay is superior on 
these counts: (1) shorter height for maximum compactness 
between stacked circuit boards; (2) greater sensitivity (80 milli- 
watts); (3) better vibration resistance (30 g to 2000 cps); (4) better 


shock resistance (100 g). 


Designated the FL Series, this relay meets all applicable sec- 
tions of MIL-R-5757D, MIL-R-6106C and ABMA #PD-R-187. 

Call your nearest P&B representative today for complete in- 
formation about the whole P&B family of microminiature relays. 


FL SERIES SPECIFICATIONS 
Contact Arrangement: DPDT 


Shock: 100 g for 11 milliseconds with no 
contact openings. 


Vibration: .195; max. excursions, 10 to 55 
cps. 30 g from 55 to 2000 cps. No contact 
openings. 


Linear Acceleration: 400 g minimum with 
no contact openings. 
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THERE’S A P&B 


CRYSTAL CASE RELAY 
FOR YOUR PROJECT 
Diode in relay case is used for arc suppres- 


sion in special applications. Four diodes form 
full-wave bridge rectifier for 400 cycles. 





Pull-in: 150 milliwatts, approx. (standard) + 


at 25°C. coil temperature. 


80 milliwatts, approx. (sensitive) at 25°C. 
coil temperature 


Operate Time: 3 miiliseconds max. at 
nominal voltage at 25°C. coil temperature 


Dimensions: .485" high, 1.100" long, .925" 
wide 


Non-latching or latching relays in 
conventional crystal cases with or 
without shoulder brackets, studs or 
mounting plates. All types of ter 
minals are available. 











Printed circuit board using 4 FL 
relays was designed by the Martin 
Company, Orlando, as part of 
ground support equipment for a 
major missile project 





Terminals spaced on .200” grids are 
available on all P&B microminiature 
relays. These carry a “G" suffix 
SCG and SLG) and are .890” high, 
-800” wide, .400” deep, max. 


These 3 relays are shown slightly reduced in size, 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY 


IN CANADA: POTTER & BRUMFIELD, 


© PRINCETON, INDIANA 


DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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For overcurrent protection that fits hand-in-glove with tight operating specs, try the 
Heinemann Type C Overload Relay. You can practically design it yourself, to your particular 
requirements. And at reasonable cost. You not only can specify the exact integral or frac- 
tional continuous-duty current rating you need (between 0.02 and 60 amps), you can spec 
response characteristics, too. Within broad overall limits, you can have the precise time- 
delay-vs-overload action you want. All you have to tell us is the time within which actua- 
tion must occur at any specified overload value. In most cases, this value can be as low as 
115% rated load. (Because the Type C is magnetically actuated, the calibrated trip points 
you select will remain constant for the life of the relay—no ambient-temperature compen- 
sation is necessary.) @ Optionally available with trip indication and lock-out features, the 
Type C Relay is fully described in our Bulletin 5103. Write for a copy. 


HEINEMANN ELECTRIC COMPANY, 125 BRUNSWICK PIKE, TRENTON 2, N. J. 
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GENTLEMEN’S AGREEMENT? 


There’s a movement afoot to limit the usefulness of 
Wescon and IRE to the point where attendance will hardly 
seem worthwhile. Somehow, Wescon and IRE officials 
became convinced that the prime purpose of these con- 
ventions was to present papers and peddle products. In 
line with this belief they’re urging — through a “gentle- 
men’s agreement” —that no recruitment practices take 
place at the Shows. No doubt they were motivated by 
nothing but the best interests of the exhibitors; but there 
is also no doubt that fulfillment of this gentlemen’s agree- 
ment could be more of a detriment than an asset. 

It pays to re-evaluate original objectives of any organi- 
zation five, ten or fifteen years after its inception. Often 
secondary activities eclipse the founding objectives because 
of growth and changing patterns within an industry or 
economy. We're guessing that in addition to earning 
money for the sponsors of Wescon and IRE, its other 
founding goals were to spark engineers to the solution of 
their engineering problems, to promote the profession of 
the engineer in general and to assist corporations in spread- 
ing the word about their products and services. But 
Wescon and IRE now offer an equally important fringe 
benefit to companies and engineers: keeping up-to-date 
with living costs, salaries and job opportunities throughout 
the United States. Let’s take a closer look at this gen- 
eralization. 

Most engineers have limited opportunities to travel, 
become familiar with living in other states, and learn, 
first-hand, of career prospects at myriads of companies. 
How much job-hopping results from making decisions 
before investigating more thoroughly available opportunities 
at the time of the move? Wescon and IRE give engineers 
a “feel” for employment in a way that perhaps no other 
activity could possibly achieve in the same short period 
of time at such small cost. 

Mature engineering management recognizes that engi- 
neers on their staff can become restless for any one or 
more of many reasons: their interest in a particular field 
lags; they feel their opportunities for advancement are 
limited; expanding markets and new engineering dis- 
ciplines seem to offer more opportunities for professional 
and economic growth; or they may just feel that they’ve 
had it in a particular company for personal or professional 
reasons. Disaffection with employment — whatever the 
reason — is never solved by ignoring it. Engineers who are 
constantly exposed, without prejudice, to opportunities for 
improving themselves always make better contributions to 
the corporations in which they are employed. Disaffected 
engineers do not have reputations for producing creative 
work; faster they either decide to stay or leave benefits 
them and the corporations they work for. Indeed, many 
management men who, for reasons only known to them- 
selves, cannot give an engineer his dismissal notice send 
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him to Wescon or IRE and hope that the man comes 
back with notice of his termination. 

Engineering management must keep up with market 
trends in personnel as well as in products. Corporations 
with an open policy of “if at any time you can better 
yourself, either professionally or economically, within some 
other corporate structure, we shall do all in our power 
to help you” are usually the ones that have the least 
problems with employees. They have learned that engi- 
neers looking for a job surreptitiously cost the corporation 
time and money. An open attitude helps keep the more 
mature man who has worked for three or four companies 
and realizes that political cliques exist everywhere; engi- 
neering goals as well as personal ones are beset by com- 
promises; and that a few more bucks is not the sole 
criterion of a move. Moreover, where but at a Wescon 
or IRE can management get a fast measure of salary 
conditions and job opportunities existing in ten or fifteen 
states, in twenty or thirty aspects of the industry, so that 
they can compare what they offer their engineers with 
what their engineers may possibly be offered by some 
other corporation? 

Our economy depends upon the growth of new com- 
panies and new industries, many of which are spawned in 
the basements and garages of engineers. Wescon and IRE 
offer these men an efficient and quick way in which they 
can get together to set up their own business, establish 
national sales forces and combine engineering talents. How 
many new industries and new companies were initiated or 
got their final kick-off at one of these Shows? 

Perhaps the greatest contribution Wescon and IRE make 
to our corporate organizations is that for every engineer 
who finds a job at these conventions, there must be hun- 
dreds who return to their companies happier and more 
content with what they hold in their fists and didn’t 
appreciate. In the final analysis, most gentlemen’s agree- 
ments, shadowing the fringe of legality, have not been 
in the best interests of individuals or the public. And 
we add that Wescon’s Gentlemen’s Agreement is not in 
the best interest of the exhibitors. 

Go to Wescon to present a paper or sell a product 
only? Hardly worth the time or money; you can sit home 
and read the papers a lot faster and the equivalent time 
and money spent in generating sales leads can probably 
be expended more efficiently elsewhere. 
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SHEDDING 
NEW 
LIGHT 
ON 
POTENTIOMETER 
PERFORMANCE 





Hoffman now offers a line of precision potentiometers 


with the highest resolution ever achieved in : 
wirewound units — backed by an outstanding record of company reliability. 


: WESCON BOOTH 1615 
Hoffman /s.ectromies CORPORATION 


instrument Division 
2621 S. Hill Street, Los Angeles 7, California + Richmond 7-4488 





LIGHTED PUSHBUTTON SWITCHES 


( HECKED _/6c/ ENGR. j/f/~"Y. CONTROL SWITCH DIVISION 





These five models indicate only a part of the full line of 
SWITCHLITES made by Control Switch Division. 
These units combine both switch and indicator light 
in a single rugged, compact assembly. They are 
available with momentary, push-push, or push-pull 
snap-action, having a positive feel. There are eight 
basic case styles, 20 circuit arrangements. Switch 
ratings from 2 to 20 amps, ind. or 10 to 20 amps, 
res. at 28 VDC—depending on switch type, circuit, 
and required operating life. Switchlites use a 
midget flange base MS25237 lamp, 6, 14 or 
28 volts. Choose from five styles of plastic 
pushbuttons in standard transparent and 
translucent colors. 


Momentary, N.O., 
or N.C. (A3312) 





In other words, almost any requirement you 
may have for a compact lighted pushbutton 
is available in a standard SWITCHLITE 
from Control Switch Division. For more 
technical data write for free literature. 
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ities © © TWINLITE.. . lights in 2 colors 
Momentary, DPDT, Here is a low-cost lighted pushbutton containing two lamps 
Moisture- proof which may be individually circuited. Plastic lens is 1” x .740”, 

and comes in one solid color, two-color split, engraved or with 
a nameplate slot. Select double-pole or triple-pole switching 
with push-push, momentary, or solenoid-held action. TWIN- 
LITE mounts individually with barriers, in rows, or a matrix. 


Manufacturers of a full line of switches, controls and indicators 
for all military and commercial applications. All standard units 
stocked for immediate delivery by leading parts Distributors. 


CONTROLS COMPANY OF AMERICA 
CONTROL SWITCH DIVISION 


4260 West Lake Street - Chicago 24, Illinois 
TELEPHONE: VAn Buren 6-3100 « TWX-CG-1400 
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TO THE ENGINEER 


Upset over the fancy wiring your control pack- 
age demands? Relax! AE can turn a bird’s 
nest into a thing of beauty and high reliability. 


The reason is simple: we’ve had years of expe- 
rience wiring complex dial telephone switch- 
boards, to say nothing of little black boxes. 
And we have the techniques down so tidy and 
pat that our assembly and prewiring costs are 
more than likely lower than yours. 


As a beautiful example, take a look at the com- 
pact relay complex illustrated. This custom job is 
designed to do switching tricks over and over 


who thinks “birds’ nests’ are for the birds... 


again without failure. A significant part of its de- 
pendability is structural rigidity. 

AE engineers are also gifted in solving the 
most complex switching circuits in the sim- 
plest and most inexpensive way. Chances are 
they can save you some headaches. 


If you have a control problem, we’d like to 
hear about it. Just write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. And while you’re at it, ask for 
Catalog 4083-A covering AE Enclosures for 
Relays, Switches and Control Systems. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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under the seas...to the edges of space...and beyond 





VAP-AIR MERC THERMOSTATS 


CHSC SHHH HEHEHE SEE HEHEHE HEHEHE HEHEHE HEHHEHEHEHSHEHEHEHEHEHEHEHEHEE HEHEHE HEHEHE EEE EE 


Used in: 
Titan, Thor, Jupiter, Redstone, 


Used for: 
Temperature control of 
Saturn, Juno Il, Pioneer IV, electronic compartments, 
and other missiles; X-15 Space reference ovens, crystal ovens; 
Research Vehicle; F-106 Delta 
Dart, A3J Vigilante, 

P6M-2 Seamaster, F101B Voodoo 
and A4D-2 Skyhawk, and other 


military aircraft; Nautilus sub- 


nose-cone devices; gyroscopes; 
inertial guidance system; 
accelerometers; air compressors; 
turbines; cabins, cockpits, 
capsules; windshields; de-icing 
equipment; oil, fuel, hydraulic 
marine; ground support vans systems; for telemetering of 
and equipment; the new Electra, 


F-27, Viscount, DC-8, 707, and 


temperatures; for control 
systems, and as warning devices 
880 jets, as well as most other in ground support vans and 


major commercial aircraft. equipment; and many other uses. 
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DUCT-TYPE 


STANDARD MERC THERMOSTATS 
AVAILABLE FROM STOCK 


Three standard groups: (1) Duct-type, for gas or fluid tem- 
perature, (2) Surface-type, for “area-contact” temperature 
sensing, (3) Well-type, for sensing case temperatures. Order 
direct from catalog. Complete, ready to mount. Meet military 
specification MIL-E-5272 A. Write for Bulletin No. 684. 


Vap-Air Mercs have many uses, widespread acceptance 
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SURFACE-TYPE 


have proved outstandingly accurate and de- 
pendable for the most critical thermal sensing 
and control applications in missiles, aircraft, 
ground support and undersea equipment. 


The Army Ballistic Missile Agency has for two years 
accepted Merc thermostats as standard temperature con- 
trol items on all their missiles. 


Time after time, Vap-Air mercury tube thermostats have 
proved their exceptional ability to meet the most exact- 
ing specifications for thermal sensing and control. Small, 
lightweight, they are unaffected by altitude or moisture, 
can’t are or burn, can withstand 100-G shocks and 30-G 
vibration without loss of accuracy. They have fast re- 
sponse, close limit tolerances, wide operating ranges, and 
undeviating accuracy to provide millions of cycles of 
reliable operation. Mercs need only simple circuits, are 
adaptable to virtually any need. 


INCHES LONG 


2 INCHES LONG 


WELL-TYPE 


VAP-AIR...SPECIALISTS IN AEROSPACE 
CONTROLS FOR NEARLY 20 YEARS 


Entire systems and a complete line of sensors, electronic 
controls and precise voltage regulation, electro-pneumatic and 
electro-mechanical valves, advanced hot-air inline valves and 
pressure regulators, electric power controllers and heat ex- 
change equipment—for aircraft, missiles and ground support. 


COMPLETE CONTROL CAPABILITIES 
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for complete technical information 
and applications write: 


VAP-AIR DIVISION 


Philadelphia * Seattle * San Francisco * Houston 
Richmond e Los Angeles ¢ St. Louis 


VAPOR HEATING CORPORATION, Dept. oN 
80 East Jackson Bivd., Chicago 4, Illinois 
New York ¢ St.Paul * Denver * Washington 





Please send information on Vap-Air Merc Thermostats 


NAME 





FIRM 





ADDRESS 





CITY, ZONE, STATE 
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2 COMPONENTS DESIGN 





SOFT SEATS FOR HIGH PRESSURES 


Anti-dribble, Bubble Tight Closure for High Pressure, High Flow Valves 


If you would question the patentability of the application 
of a standard O-ring as a valve seat for a variety of poppet 
configurations, you would be in complete agreement with 
our editorial staff—and just as wrong. Captive Seal 
Corporation of Caldwell, N. J. is the holder of the patent 
in which the valve closure occurs through the axial trans- 
lation of a plug containing a standard O-ring. 

Previously, valves with movable poppet types of closures 
used semi-hard or hard materials for valve seats and seat- 
ing bodies. Normally, the higher the fluid pressure, the 
harder the material. Performance objectives in these de- 
signs involved: protection of the sealing member or valve 
seat from “blow out” during the seating and unseating 
operation, particularly during high pressure differentials; 
protection of the sealing members and the poppet from 
eroding fluid flow; selection of an appropriate material 
that would not develop a permanent set or deformation as 
a result of considerable mechanical loading. 

Poppet valves that met these service requirements were 
designs in which a loading force was concentrated on a 
narrow annular band of contact between the opposing 
fixed and movable members in such a manner as to develop 
sufficient contact pressure to prevent the escape of fluid. 
Practical considerations prohibited a knife-edge sharpness 








Ky 
\< Mi q 
IY 
SEALING CONTACT FULL OPEN 
BROKEN 


TYPICAL FACE SEAL 





FULL CLOSED START TO OPEN O-RING BLOWOUT 


Fig 1 Main problem in using O-rings as face seals is pre- 
venting blow-out under high pressure differentials. Illustra- 
tion shows how blow-out occurs when pressure can get into 
an O-ring’s seat. Captive Seal’s design contains a_ steel 
retainer that encircles the ring and prevents expansion from 
the contained pressure; mechanical stop insures the correct 
amount of end-squeeze. Symmetrical forces on the O-ring 
keep it in its retainer. 
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for this narrow band. Better designs contained some 
effort to pressure-balance the force that could unseat the 
poppet; this force varied according to pressure, to the 
amount of seal deformation on the load, and to the extent 
to which the seats were machined or reground after service. 

Resilient materials for valve seats and valve seals for 
the high pressure valves only presented the “blow-out” 
problem during seating and unseating operations under 
high pressures. Very resilient materials aggravated the 
problem of shifting in sealing diameter due to a larger 
amount of deformation possible with resilient material. 
Even in low-to-medium pressure application, where me- 
chanical means can be devised to prevent “blow-out”, the 
resultant unbalance in the pressure-induced forces requires 
large spring loads and/or actuating loads, thus increasing 
valve weight, size, power consumption and cost. 

Captive Seal’s President, Peter H. Palen, came up with 
a design for balancing pressure-induced axial forces on a 
poppet regardless of pressure, and means for using a 
resilient or flexible seal element that can’t blow out during 
seating and unseating operations (see Fig 1). Here are 
the advantages Mr. Palen claims for his Captive Seal O- 
ring type of closure: 
© The soft-seat design gives a bubble-tight seal throughout 
the life of the closure, in spite of contamination in the 
fluids; it does not require forceful retention to prevent 
blow out under high pressure service conditions because 
the seal is pressure-balanced and is under no unbalanced 
forces during surges of pressure. 
® The fixed sealing diameter is independent of fluid 
medium and pressure and of the elastomer material. There- 
fore, poppet assemblies can be exactly balanced under 
all pressure conditions. 
© A low seating force maintains sealing effectiveness 
making poppet action accurately responsive to line pressure 
and sealing effectively up to a desired actuation pressure. 
® Because the seat is a relatively inexpensive standard 
O-ring instead of a precision machined valve seat, initial 
fabrication cost is low and maintenance is simple and 
inexpensive. 
® The flexibility of the design can accommodate in one 
basic assembly as many different fluids as there are suit- 
able elastomers for use as O-rings. 

Captive Seal, according to Mr. Palen, plans on applying 
this type of valve seal and seat to pressure switches, 
solenoid valves, pressure-responsive valves (relief, se- 
quence ), manual valves, double-acting pyro-technic valves, 
sliding-sleeve balanced industrial valves with low force 
actuators and other areas in which this new approach can 
be utilized. Here’s an inflation valve design currently in 
production which incorporates both the high pressure, high 
flow mechanism and a low pressure responsive element. 


INFLATION VALVE 


One of the problems presented to Captive Seal involved 


ELECTROMECHANICAL DESIGN 
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LEGEND 


In the sensing and actuator mechanisms: 

® Solid arrow indicates inflated “article” 
pressure (low pressure). 

® Dashed arrow indicates low pressure flow 
path after shut-off point has been reached 
and sensing piston has traveled distance t; 
and actuating piston has also moved distance 
d (pushing on poppet through shim). 


NOTES 


® Ratio between “actuated” and “‘reset’’ 
pressures (high and low points for inflated 
“article pressure) is determined by area 
ratio of “inflow” to “outflow” Captive Seals 
on sensing piston. 

@ Minimum cycling time is roughly 150 milli- 
seconds, (This limits minimum size of inflated 
article to approximately one cu ft without 
overshoot for this particular design.) 


Fig 2 Captive Seal’s Inflation Valve Model 65M190 regulates pressure by an on-off cycle that comes on 
at 3.75 psig and cuts off at 4.25 psig. Valve assembly contains two elements: a balanced poppet- 
type, 2-way, normally-open valve that receives pressure from a supply cylinder at 3000 psi maximum 


| . 





storage pressure; the second 


, @ ing and motor unit causes the 2-way valve to open fully 


during the demand cycle or close fully when the maximum inflation is reached. 


applying air from a high pressure source to an inflatable 
article; the inflated article would descend from an altitude 
of approximately 15,000 ft. to ground level during which 
the valve was required to maintain a 4 lbs. per square 
inch gauge pressure +0.25 psig during the descent. Means 
of accomplishing the pressurization could not use any 
external source of power, had to be self-regulating and 
respond only to the pressure differential between the 
interior of the inflated article and the ambient atmospheric 
pressure. Following a high initial inflation rate, subsequent 
replenishment had to provide a clean cut off when the 
maximum of inflation pressure is reached. Furthermore, 
inflation time was critical as well as system weight and 
size. Unusual shock requirements had to be met with 
other extremes of environment. 

Fig 2 illustrates Captive Seal engineers’ approach to 
this problem. The method they considered most suitable 
to achieve the pressure regulation was a step function 
cycle that cut off at 4.25 psig and then recycled at 3.75 
psig. Valve assembly contained two elements: a balanced 
poppet-type, 2-way, normally-open valve that receives 
pressure from a supply cylinder at 3,500 psig storage pres- 
sure; the second element, a sensing and motor unit, causes 
the 2-way valve to be fully opened during the demand 
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cycle or fully closed when the maximum inflation pressure 
is reached. The off-cycle is accomplished with snap-like 
over-center action; the sensing piston opens rapidly and 
re-seats immediately on the vent seat causing the full 
4.25 psig to be impressed upon the actuating piston which, 
in turn, closes the 2-way valve without inertia effects. 

Recycling for make-up air consists of a complete re-open 
and re-close sequence. When the inflated article is small 
in volume, the recycling time becomes extremely short, 
down to a minimum response time in the order of 150 
milliseconds. In such instances, the size and length of 
the feedback or sensing line, from the inflated article to 
the valve, becomes an important design criteria in mini- 
mizing lag time. 

The basic concept of valve closure as developed by 
Mr. Palen is a flexible one, applicable to a variety of valve 
configurations, flow control and pressure sensing problems. 

While Captive Seal’s primary effort has been in solving 
problems for the military, they believe that the basic 
simplicity and ruggedness of the design coupled to its 
low maintenance and valve seat replacement cost make 
it worth while for applications varying from industrial 
valving to the faucet in the home. es < 

Write No. 260 In Box on Inquiry Card 
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Fig 1 Thermoelectric couple is the basic 
building block of Westinghouse Electric’s 


hot rod generator. 
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Fig 2 Typical thermoelectric generator disassembled to show: at left, the main unit 
with rectangular hot rod core and thermocouples between the core and the heat 
exchanger fins; at right, the burner and base assembly and the cover frame. 


THERMOELECTRIC GENERATOR 


Isothermal Hot Rod, 
Key to Optimum Performance 


Problems in designing thermoelectric 
generators can be divided into three 
main categories: 

Structural considerations 

Electrical and thermal insulation 

Thermal contact and heat rejection 
P. E. Pityk and T. M. Corry of West- 
inghouse report on how they handled 
these problems in the design of their 
hot rod thermoelectric generator. 

At the very beginning of the de- 
sign, the Westinghouse engineers de- 
cided that it would be advantageous 
to have all thermoelements operating 
at the same hot side temperature, Tx, 
and the same cold side temperature, 
T.. In order to achieve this condition, 
the hot core and heat exchanger must 
have isothermal surfaces. Once this 
was accomplished, hot and cold side 
temperatures could be selected that 
would produce optimum performance 
of the thermoelements. In addition, 
all of the elements would be operating 
at the same Carnot efficiency. 

The thermoelectric couple was 
chosen as the basic building block. 
Fig 1 shows a typical couple consisting 
of a hot strap, P and N legs, and 
flexible copper braids. These couples 
require a structure that will support 


ta 


them and at the same time provide 
the proper hot side temperature, Ty, 
and cold side temperature, T., without 
excessive heat leak from Ty, to T.. 
Fig 2 is a disassembled view of a 
typical generator showing the couples 
placed against the rectangular core. 
Heat exchangers, which consist of 
cooling fins bonded to four rectangular 
plates, are fastened together to form a 
shell around the couples. Thus a struc- 
ture is formed, using spring compres- 
sion of the couples for rigidity and 
support, with no mechanical connec- 
tion between core and heat exchanger. 

Since the couples are in compression 
between the core and heat exchanger, 
and are connected electrically in se- 
ries, Pityk and Corry had to provide 
electrical insulation on the surfaces of 
the core and heat exchanger that come 


in contact with the metallic straps of 
the couples. They solved this problem 
by electrochemically coating the 
core and heat exchanger with ceramic 
materials. Since there is no mechani- 
cal connection, the only heat leaks, 
which had to be minimized, were due 
to convection and radiation in the 
space not occupied by the couples. 
They took care of this problem by 
couple density on the core and by 
filling the space not occupied by the 
couples with thermal insulation. 
Thermal drops had to be minimized 
since excessive drops between the 
couple straps and both the core and 
heat exchanger reduce the available 
temperature drop across the couples 
which, in turn, reduces efficiency and 
power output. To reduce these drops, 
the designers placed films of high tem- 





Fig 3 Presassembled thermoelectric ladders containing the thermo- 
couples. Four of these ladders are pressed against the insulated core. 


ELECTROMECHANICAL DESIGN 
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Fig 4 Depending on the hot side tem- 
perature selected, approximately 5 to 75 
watts can be obtained from Westing- 
house Electric’s hot rod thermoelectric 
generator. At a T, of 550°C and pro- 
pane as the fuel, for example, the gen- 
erator delivers approximately 65 watts at 
a thermal conversion efficiency of approx- 
imately 7.3%. Taking into account the 
burner efficiency, generator provides 258 
watt-hours of energy per pound of fuel 
so that 6 pounds of fuel provides 65 
watts for a period of 24 hours of unat- 
tended operation. 


perature compounds between the 
straps of the couples and the walls 
of the heat exchanger. 

The thermocouples are encased in 
pre-assembled, flexible thermoelectric 
ladders, shown in Fig 3. Pressed 
against the insulated core, four lad- 
ders are connected electrically in series 
and the output is taken from the four 
ladders as a unit. These spring-com- 
pression ladders allow the generator 
to expand and contract without caus- 
ing deterioration in efficiency or per- 
mitting severe tensile or shear stresses 
to appear across the thermoelements. 

Since a minimum size and weight 
was one of the objectives, a free con- 
vection heat exchanger had to be de- 
veloped that could dissipate the high- 
est possible watts per unit weight and 
per unit area of base plate within rea- 
sonable occupied volume. The West- 
inghouse engineers constructed and 
tested exchangers including straight, 
solid-fin, round-pin and _ rectangular- 
pin types. They found, from experi- 
mental data, that the rectangular-pin 
type exchanger had the best heat dis- 
sipating capability. 

Pityk and Corry characterized their 
final design, shown in Fig 4, as a 
lightweight, portable generator for use 
in many military and industrial appli- 
cations. Weight of the generator is 
slightly less than 15 lbs. Power output 
capabilities approach 70 to 75 watts 
giving a ratio of 5 watts per pound of 
generator weight. One of the main 
advantages of this generator is that it 
is not limited to any particular fuel 
and a wide variety of fuels such as 
alcohol, kerosene, gasoline, propane, 
natural gas or radioisotopes can be 
used. e¢ 
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challenge! Exposed to ice, water and 


mud. Corrosion resistant 
throughout, potted leads, 
sealed plunger. Meets icing 
operation requirements. 
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| Haydon hermetically 

| sealed switches qualified 
to MIL-E-5272 and 

MIL-S-6743. 















METAL TO METAL, 
GLASS TO METAL SEAL... 


Low temperature—high tem- 
perature from —300°F. to 
+500° F. and beyond. Wobble 
diaphragm withstands 200 PSI ui 
without changing characteris- [i = 
tics or actuating switch. . 4 


Dae ena soap SN 
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| STANDARD HERMETICALLY — 
SEALED SWITCH... => | _— 


Low operating force version 
is ideally suited to critical 
applications requiring extreme 
accuracy such as timing, pres- 
sure and temperature sensing 
devices. Series 6146 



















Series 61392 


# BONDED SILASTIC 
ACTUATOR SEAL... 


Subjected to 8 weeks 
and million cycle test 
immersed in JP-4 fuel. 
Tested for 100,000 cy- 
cles at 28 vDC, 3 amps 
inductive at 80,000 feet. 
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NOW ... Write for New Haydon Switch 
General Catalog Showing Miniature, Sub- 
miniature, Hermetically Sealed, Pressure 
Switches and Custom Designed Switch As- 
semblies. 





INCORPORATED 
WATERBURY 20, CONNECTICUT | 
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PUSH TO TEST AT REAR 
AWAY FROM ALL 
HOT CONTACTS 


COMPLETELY PROTECTED 
AUXILIARY SWITCH 





























COMPLETELY PROTECTED 
RECESSED CONTACTS 














COIL LEADS AT SIDE @ Lightweight 
@ Easy to Test 
@ Easy to Service 


@ Easy to Mount 


A quick check of the unique 
features incorporated in this 
totally new Guardian Power 
Relay should attract and 
intensify the interest of 
engineering specialists who 
are responsible for the 
dependable performance of 
power relay controls. 





















Inverted Coil Construction protects armature and contacts to insure long life, 
reliable electro-mechanical operation. ; 


2. Contacts (D.P.D.T.) U/L rated for 15 amperes at 115 V.A.C. non-inductive, or 
1 H.P. at 115/230 volts, 60 cycles. 







3. Screw Type Terminals easily accessible for top or bottom connections. 





4. Recessed Auxiliary Switch up to S.P.D.T. rated at 125 volt amperes Pilot duty 
115/230 V.A.C., 60 cycles, or 10 amperes at 115 V.A.C. non-inductive. 







5. Armature Extension permits manual circuit testing. 
Voltages: 6,12,24,115 and 230 V.A.C., or 6,12,24,110 and 220 V.D.C. 
Size: 356” x 2%” x 26". 


Mounting: Two %" holes on 17%” centers. 






Shipping Weight: 8 ounces. 






Low Priced. 
Write for Circular and complete details 
Visit Guardian's Booths No, 4408-4410 at 1961 WESCON SHOW 


GUARDIAN 0 ELECTRIC 


MANUFACTURING COMPANY 
1562-J W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control” 
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| NOISELESS TIMING MOTOR 


Life-Time Continuous Operation 
From Spring-Loaded Packing Gland 


Development of a new oil-fired motor 
is the result of more than two years of 
research, product design and labora- 
tory testing by Lake City, Inc., subsi- 
diary of Controls Co. of America. A 
unique new method of sealing all mov- 
ing parts in oil achieves noiseless and 
virtual life-time continuous operation. 
Complete sealing is effected by a spe- 
cially designed spring-loaded packing 
gland which prevents the oil from 
working out of the housing when the 
| motor is operating. Key element is a 

neoprene “O” ring which is held under 
| constant pressure by a spring, thus 
| sealing in the oil. 





| F ig 1 Noiseless oil-filled synchronous 
| timer motor for virtually life-time con- 
tinuous operation. Spring-loaded packing 
gland prevents oil from working out of 
the housing when the motor is operating. 
Pointer indicates position of the packing 
gland which is a neoprene “O” ring held 
under constant pressure by a spring. 


According to Ralph L. Berg, presi- 
| dent of the company, the new oil- 
filled motor is expected to have im- 
portant applications in a broad variety 
of industrial automation control sys- 
tems, computers, office equipment, 
home appliances, and military control 
devices. The compact new unit con- 
serves precious installation space. Its 
outside diameter measures only 1- 
11/16 inches. Other key components 
of the motor, also submerged in oil, in- 
clude a variable pole arm which pro- 
vides starting reliability when rotor 
poles are stopped at dead center, and 
a magnetic directional device which 
maintains proper rotation of the gear 
when the motor is energized. 
Write No. 261 in Box on Inquiry Card 
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EXPLOSION-PROOF 
SOLENOID VALVES 





Skinner has a complete range of 
Explosion-Proof Solenoid Valves 


If you have a control problem involving valves operating in hazardous 
locations—Class I Group D (gasoline vapors, etc.), Class II Group F (coal 
and coke dust) and Group G (grain dust)—you can select from Skinner’s 
complete line of two- and three-way explosion-proof standard and high 


pressure solenoid valves. 


e U.L. approved 


e Awide range of pressure ratings and orifice sizes 


e Bodies and coil housings machined to close tolerances—clearance is 0.0005 


e Stainless steel or naval brass bodies 


e Stainless steel internal parts 


@ Stainless steel and brass internal parts 


STAINLESS STEEL TWO- AND 
THREE-WAY SOLENOID 
VALVES—X5 SERIES 


The highest quality and most versatile 
valves manufactured. So flexible that 
basic valve can be modified to provide 
porting, mounting, or flow-control, to 
meet most applications, 





_ 


Two-way solenoid valves are available 
normally closed, normally open and 
dual purpose, Orifice sizes from 1%” to 
34”, maximum operating pressure differ- 
ential 3000 PSI depending on orifice 
size—NPT pipe size 4%”, 4” and %%” 

Three-way available normally closed, 
normally open, directional control and 
multi-purpose. Orifice sizes from *,;” to 
144”, maximum operating pressure differ- 
ential 200 PSI depending on orifice size. 


TWO-WAY PISTON TYPE 
SOLENOID VALVES—XR SERIES 


These valves, with forged naval brass 
body and stainless steel piston, handle 
high flow and high pressure require- 
ments of industrial and commercial ap- 
plications with most common media. 





XR series valves are available with 
NPTF in normally 
closed or normally open construction, 
Operating pressure differential 5 to 1250 
PSI for AC operation and 5 to 1000 PSI 
for DC operation. 


14” orifice and 14” 


TWO- AND THREE-WAY 
HIGH FLOW SOLENOID 
VALVES—XL SERIES 


These diaphragm type solenoid valves 
meet the high flow requirements of a 
great many commercial and industrial 
applications. The unique Skinner dia- 
phragm construction makes possible the 
exceptionally long service life of this 
series valves. 

Two-way XL series valves are avail- 
able normally closed and normally open. 
46”, 34” and 1” with 
corresponding NPTF pipe connections. 
The )%” orifice model is also available 
with %” NPTF. Operating pressure 
differential is 5 to 150 PSI. 

Three-way XL series valves are avail- 
able normally closed, normally open 
and directional control. Orifice sizes are 


34” WN" 70 o.* . ; 
36”, 12” and 34” with corresponding 


Orifice sizes are 


|. 





NPTF pipeconnections. Operating pres- 
sure differential is 5 to 150 PSI for the 
16” and *4” size and 10 to 150 PSI for 
the 34” size. 


TWO- AND THREE-WAY HIGH 
PRESSURE HYDRAULIC SOLENOID 
VALVES—X10 SERIES 


These stainless steel, direct acting, slide- 
type valves are precision engineered to 
control hydraulic systems at pressures 
up to 2000 PSI. 

These high pressure hydraulic valves 
have a %»” inlet and cylinder orifices 
with 4%” NPT. They can be used as 
two-way normally closed or two-way 





normally open valves by plugging the 
appropriate port, and three-way nor- 
mally closed, or three-way normally 
open, or dual purpose valves. 


7 . . 
For complete information, contact a 


Skinner Distributor listed in the Yellow 
Pages or write us at the address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 





THE CREST OF QUALITY 





ELZCTRIC 


VALVES 





SKINNER ELECTRIC VALVE DIVISION 


SKINNER PRECISION INDUSTRIES, INC. ¢ NEW BRITAIN, CONNECTICUT, U.S.A. 
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LITTON DIGITAL COMPUTER COMPONENTS 










Magnetic Core Memories. High- 
speed. Random access. Linear 
selection. For airborne or other 
environments. State-of-art two- 
microsecond read-write cycle. 





Shaft Encoders. Miniaturized 
analog-to-digital converters. Ex- 
tremely small, light, rugged, reli- 
able. Low torque permits weight 
and volume savings in associated 
servo components. 


Direct inquiries to Marketing Department 
Special Products, Litton Systems, Inc., Guid- 
ance and Control Systems Division, 5500 
Canoga Avenue, Woodland Hills, California. 


Operational airborne general pur- 
pose digital attack navigation 
computer system. One of many 
systems through which Litton 
computer components have been 
developed. 


Deci-Line Digital Readouts. Light- 
weight, small, high-speed, alpha- 
numeric, in-line. Digit displayed 
within .3 second. Serial and 
parallel. 











Magnetic Drums. Nickel cobalt 
storage medium and contact 
heads. Typical specifications: 
300 bits/inch, 500 millivolt out- 
puts, 100 milliampere P.P. re- 
cording currents. Suitable for 
severe environments. 





Test & Support Equipment. Clock 
track and drum fill recorders, 
shaft encoder tester, tape editor, 
card tester, servo tester, and 
Bace. 





LITTON SYSTEMS, INC. 


GUIDANCE AND CONTROL SYSTEMS DIVISION 


A Division of Litton Industries 
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RADIO 
TELEMETRY 
REPLACES 
SLIP RINGS 





Miniature Multichannel 
FM/FM Systems With High 
Signal-to-Noise Ratio 
Transmit Low-Level 

Test Signals From 

High Speed Shafts 


Taking test data from high speed ro- 
tating equipment such as propellers, 
turbines and driveshafts has presented 
problems where the data is derived 
from strain gages, thermocouples or 
other sensing devices that provide low- 
level signals. The only method of 
transmitting the signals from the ro- 
tating member to a test stand has 
been through slip rings which intro- 
duce noise levels that tend to obscure 
the data making it invalid. 
To Unilectron Inc., Cambridge, 
Mass. an obvious solution to these 
problems was to take full advantage of 
modern techniques in design and 
packaging of electronic equipment to 
develop a radio transmission system 
so small that it could be located with 
the sensing elements on the rotating 
member without disturbing the opera- 
tion of the equipment. The transmit- 
ter is a solid-state multichannel instru- 
ment that operates in the FM/FM 
mode and can handle low level signals 
with minimum noise interference un- 
der extreme environmental conditions. 
Six separate channels of information 
are provided in one tiny package with 
the rugged characteristics of portable 
field equipment and precision accur- 
acy of a laboratory instrument. Trans- 
mitted signals from the channels are 
picked up by a VHF FM receiver in a 


test stand where they are discrimi- 
nated and amplified to drive readout 
devices. 

The system, called Midas which 
stands for Miniature Data Acquisi- 
tion System, not only takes accurate 
data from equipment rotating at high 
speed, but in many cases it provides 


the only dependable means of picking 


cff measured information from trans- 
lating or vibrating equipment such as 
rocket sleds or vibrating transmission 
lines. It also provides means for mak- 
ing physiological tests on patients un- 
der various conditions of activity. 

Use of the FM/FM mode of opera- 
tion in the system was an obvious so- 
lution to the problem of transmitting 
and receiving low-level multichannel 
signals with minimum interference 
between channels. It allows high-gain 
amplifications in a small package with- 
out signal coupling and without using 
excessive degeneration involving high 
power dissipation. 

Modular design was used through- 
out the system to make it adaptable to 
a wide variety of applications and to 
ensure reliability and_ serviceability. 


Power Meter 


One of the more interesting applica- 
tions of Unilectron’s telemetry unit is 
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Fig 1 (Left) Completely solid state radio telemetry system called Thor measures 
horsepower of a high speed shaft and transmits this data to a receiving system 
where it is continuously indicated or recorded. A strain gage bridge, with all four 
elements active, is located on the shaft in the classic configuration. When these 
gage elements are correctly placed and balanced, the signal output is directly 
proportional to shaft torque, as determined by the formula: Torque (inch-pounds ) 
— G (shearing modulus) x Ip (polar moment) x {2 E (surface stain) / r (shaft 


HEINZE 





radius)}. The signal output can be calibrated directly in terms of torque, provided | 


the voltage driving the bridge is held constant. If this voltage is varied in amplitude 
as a function of shaft angular velocity, the output signal from the bridge will be 
proportional to shaft horsepower, as determined by the formula: HP (horsepower ) 
= {Torque (inch-pounds) x N (shaft rotation per minute )}/63000. A potentiometer- 
type accelerometer mounted with its input axis on a radial line of the shaft is used 
to vary the bridge supply voltage. The output from the accelerometer is fed through 
a de regulator circuit to an oscillator which drives the strain gage bridge. Design 
of the oscillator is such that a variation in input voltage causes a direct linear 
change in output signal. In this application, the bridge driving voltage is a sine 
wave chosen for ease in signal handling. The strain gage signal which is propor- 
tional to horsepower is then amplified and transmitted through FM radio telemetry. 


Fig 2 (Above) At some remote point, the signal from the Thor radio transmitter 
is received by a VHF FM receiver, discriminated to obtain the sub-carrier frequency, 
discriminated again to produce an output signal proportional to frequency deviation, 
and then amplified and applied to one of several types of read-out devices, <s 
desired, for continuous indication of horsepower. 


shaft and the need for precise adjust- 
ment and constant maintenance. 

Thor provides a method for moni- 
toring and continuously recording 
plant performance without modifying 
the shaft or effectively increasing its 
inertia. Horsepower output per unit of 


in “Thor” Meter which measures 
horsepower, torque and rpm of a ro- 
tating member and transmits this data 
to stationary receiving equipment 
where it is continuously indicated or 
recorded. 

Conventional dynamometer equip- 








ment, such as a Prony brake, are un- 
suitable for monitoring shaft power 
continuously because they load the 
system unduly. Metering techniques 
are not satisfactory in most applica- 
tions because of space requirements, 
inaccessibility or hazardous conditions. 
A typical example is in the ship build- 
ing industry where the power devel- 
oped by a ship’s propulsion shaft must 
be measured. Present methods are 
hampered by the massive size of the 


fuel consumed accurately establishes 
overall plant operating efficiency and | 
provides a basis for reducing operat- | 
ing costs. 

For a particular Thor application, | 
speed, size and location of the shaft 
determine the design of the package. | 
A representative installation for meas- 
uring horsepower of a merchant ma- | 
rine vessel would fit into less than six | 
square inches of space and weigh less | 
than five pounds. eee) 
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Here's just one example of the versa- 
tility of the Heinze B Universal Motor 
— operating at 2500 rpm, 1/40 hp, 
4V DC, to power this compact port- 
able pump manufactured by the 
Russell Harrington Cutlery Company, 
Southbridge, Mass. 


Because of its versatility, the B Motor 
is ideal for such applications as rug 
cleaners, toy automobiles, electric 
brooms, vacuum cleaners, and power 
tools. Horsepower ratings may be 
supplied from 1/40 to 1/3. Load speed 
can vary from 2500 to 20,000 rpm. Volt- 
age ratings range from 4V to 220V, 
AC, DC or AC/DC. Motor is furnished 
in steel or die cast case. 


WRITE FOR COMPLETE INFORMATION. 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
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THE LEADER IN ACCURACY 








VOLTAGE REGULATED 
POWER SUPPLIES 
90-100 TIMES HIGHER 
THAN STANDARD CELLS 
— ACCURACY 0.002%. 


Julie Research Laboratories Pre- 
cision/Stable Power Supply pro- 
vides voltage levels 50-100 times 
higher than standard laboratory 
cells at essentially greater accu- 
racy and stability. 


Carefully selected zener refer- 
ence diodes and high stability 
oil—immersed sensing and stan- 
dardizing resistors are mounted 
in a special isothermal oven, per- 
mitting transfer of the basically 
high diode accuracy to the abso- 
lute voltage setting, and assur- 
ing exceptional stability for eight 
hours or more. 


ACCURACY 
0.002% — 8 hours 
0.005% — Absolute 


UNUSUAL 
INSTRUMENT 
FEATURES 
Self Calibration 
High Thermal Stability 
Dual Channel Design 
Low Impedance 
Exceptional Long-Term 
Accuracy 


The PVS power supply is avail- 
able in production quantities. 
Call or write for detailed techni- 
cal specifications. 


603 West 130th Street 
New York 27, N.Y. 
Telephone: AUdubon 6-9200 
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TORSIONAL TUNING 
MECHANISM 


— 


CORE 






To get a very accurate exposure inter- 
val for a slow frame rate TV system, 
Dumont Military Electronics, Div. of 
Fairchild Camera & Instr. Corp., has 
come up with a unique design that re- 
quires very little electrical power and 
will operate for long periods of time. 
The shutter, operated by pendulum 
action, was designed by William J. 
Long, of Dumont’s Product Design 
Lab. 

Unit consists of a torsional tuned 
mechanism, small electromagnet, uni- 
directional clutch, spring loading 
ratchet, and a venetian blind type 
shutter. The torsional pendulum can 
be set into motion by a preload which 





SPRING LOADING 
RATCHET 
Be sec. FRAME RATE] 


UNIDIRECTIONAL 


ELECTRO MAGNET 
DAMPER RESTORE 


MECHANICAL SHUTTER ACTUATOR 
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can be released and _ synchronized 
with the frame rate pulse. Once in 
motion, it will oscillate at its natural 
frequency. Any lost amplitude per 
cycle is restored by the magnet. The 
electromagnetic field is energized only 
at the moment when the energy lost 
by the torsional pendulum is to be re- 
stored. During every cycle a portion 
of the total spring loading is applied 
to the ratchet mechanism. When it is 
completely loaded, the pawl is re- 
leased and the shutter is opened. The 
natural frequency and the amplitude 
of the pendulum directly relates to 
frame rate and total force necessary 
to activate the shutter. 
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Electromechanical Parts 


552-page inclusive catalog divided 
into sixty-seven product categories, 
includes speed reducers, magnetic 
clutches and brakes, differentials, elec- 
tronic hardware, teflon terminals and 
limit stops. Within each category, part 
numbers, OEM list prices, specifica- 
tions and test reports useful in design 
and prototype work are presented. 
Source: Sterling Instrument Div. 

Designatronics, Inc. 

Port Washington, N. Y. 
For Your Copy: Write No. 812 on Inquiry Card 


Test Instruments 


220-page catalog contains descriptions 
of more than 400 test instruments. 
Application data includes latest meas- 
uring techniques. Equipment covered: 
oscilloscopes; oscillators; power sup- 
plies; generators; wave and distortion 


analyzers; ac and dc voltmeters, am- 


meters and ohmmeters; amplifiers; 
frequency and time measurement 
equipment and other instruments. 


Microwave section is divided into 
power, impedance, and noise figure 
measurements, and other microwave 
equipment. 


For your copy write on company letterhead to: 
Hewlett-Packard Co., 
1501 Page Mill Rd. 
Palo Alto, Calif. 


Self-aligning Bearings 


56-page catalog describes entire line 
of self-aligning bearings and rod end 
bearings. Included is new series of 
plastic alloy insert, _ self-lubricated 
bearings which are available in a 
variety of plain or rod end types. Bore 
sizes are available up to 6.000”; ulti- 
mate static loads up to 4,500,000 Ibs. 
Source: Southwest Products Co. 
Monrovia, Calif. 
For your copy: Write No. 818 on Inquiry Card 
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NEW 
BRISTOL SERIES 6100 
TIME DELAY 
RELAY 





seer nese sabe SOLANA SSO! 


7 TYPES OF LOAD CIRCUIT OPERATION 
ALL IN A SINGLE UNIT 


Bristol’s new Series 6100 gives you easy Contact the Bristol Distributor or Repre- 
application with exclusive flexibility. No sentative in your area. 
more complex wiring changes! Makecircuit SEND FOR HANDY TIMING 
changes in a jiffy, too. You can reach the CONTROL PRODUCT DIGEST 
d —complete range of Bristol 
motor, and other parts—in seconds. The yyotors, Timers and Timing De- 
new “Bristol-Vision” dial is mounted in a_ vices for all your timing and 
square die-cast frame—provides better con- control applications. 
trast for better viewing plus functional 
: P " f —™ LEADING SPECIALISTS IN 
beauty too. Non-scratch bevelled glass dial " , CSac AND DC MOTORS 
cover won’t buckle, deform—seals against . | —from standard to — 
i _, special configura- 
dust. Powered by famous duty-matched y neers ml 
e e , specincations. 
standard Bristol motor. Write for brochure. - 


BRISTOL ®) MOTORS Division of Vocaline Company of America, Inc. / Old Saybrook, Conn. 
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HIGH DENSITY WELDED PACKAGES x.) o5iis 208.8) Nas 


Welded Cordwood Packaging Techniques as Used in 


tt Division, General Precision, Inc. 


Polaris Digital Computer Extended to Analog Systems Applications 


Recognizing the increasing need for higher packaging den- 
sities together with greater reliability in electronic equip- 
ment for high-performances systems, Kearfott engineers 
realized some time ago that standard packaging techniques 
would soon be inadequate to meet performance and size 
requirements, and that industry could not wait upon 
practical development of such glamorous techniques as 
molecular circuitry. They therefore instituted an R&D 
packaging program based on a thorough survey of work 
in the field, to find the most practical techniques to meet 
immediate and foreseeable needs. 

Although a number of new, miniaturized components, 

such as the microton capacitor, have been developed, it 
was decided that the necessity of soldering together the 
various substrates, as well as the requirement of using 
components with precise standard configuration, were too 
limiting for today’s requirements of ready availability of 
acceptable components. 
In the use of standard components, random assembly 
can achieve the highest density. However, the volumetric 
benefit of this approach was felt to be more than offset 
by the difficulty in designing such a package, and by the 
potential confusion (and cost) in assembling a random- 
placement electronic assembly. 

The most practical approach appeared to be the welded, 
high density, log piling assembly of standard components. 
This was based on the following criteria: 

High volumetric effectiveness (30-150 parts per 
cubic inch) 

Design simplicity for new assemblies 

Use of a wide variety of available components from 
many suppliers 

Minimum assembly training time 

Low design cost 

Low fabrication cost for small lot production 
Simplicity in tooling for high quantity production 
Versatility in interconnection 

Size versatility 

Interchangeable assemblies 

MIT’s welded electronic assembly technique, which was 
used on the Polaris computer so successfully, provided 
useful background information since it satisfied the es- 
tablished criteria more completely than others. Consider- 
able effort was supplied to translate the technique into a 
useful production tool for Kearfott applications. The re- 
sult was a photographic design technique that reduces 
design time by fifty to seventy-five percent, while at the 
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same time expediting the production process. 

The R and D program was organized into five basic 
areas of study: component analysis, high density pack- 
aging, joining techniques, encapsulation, and interwiring. 
The following paragraphs summarize some of the infor- 
mation and techniques derived from work in each of these 
areas. 


COMPONENT ANALYSIS 


When choosing components for military equipment, great 
care must be exercised to insure that components used in 
electronic assemblies can withstand the rigors of elec- 
trical performance test, as well as environmental exposure, 
while still performing satisfactorily. For example, carbon 
resistors can be found to be within the manufacturer’s 
specification during static tests but, due to microphonic 
action of the carbon/wire connection set up during vibra- 
tion or shock, these same resistors can go out of tolerance. 

What is the smallest (physical size) component that 
can be used that will do a satisfactory job? In many cases 
where one-half-watt resistors had been used, investigation 
into maximum dissipation indicated that one-tenth watt 
resistors were adequate. The electrical engineers were 
asked to use, the average dissipation characteristics with a 
reasonable safety factor, taking into account the operating 
time, load factor, and effect on the circuit. Only when 
use of average dissipation could under any circumstance 
allow performance of the overall circuit to go out of toler- 
ance should maximum dissipation be used as a design fac- 
tor. This eliminated the usual tendency to pile safety 
factor upon safety factor. The reasoning behind this is 
the fact that resistors return to original characteristics 
under standard conditions if they have not been cata- 
strophically destroyed. 

Similarly, analysis of capacitors was made to determine 
minimum safe working voltage units so that minimum 
volume capacitors could be used. Capacitors were also 
challenged for their hygroscopic characteristics which 
would adversely affect both insulation resistance and volt- 
age breakdown characteristics. 

In both of the above cases, uncased components were 
used freely since it was understood that ultimately the 
assemblies would be potted, which would provide suffi- 
cient insulation, shock protection, and moisture resistance. 
This, however, is not true for transistors and diodes where 
it is necessary to insure hermetic seals to preserve compo- 
nent characteristics. 
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[ransistors were chosen first for electrical characteris- 
tics, second for package size, and third for thermal char- 
acteristics when necessary. However, this order caused a 
problem when dealing with the output stages of servo 
amplifiers where five watts or more had to be dissipated. 
In this case, we decided to accept operation under the 
nominal 70°C, 100°C, or 125°C required-ambient condi- 
tions, which then dictated the choice (and price) of 
components. However, the electronic assemblies can likely 
be used in higher temperature environments provided the 
high density electronic assemblies are mounted on a cold 
plate of a material (such as honeycomb manufactured by 
Air Research Division of Garrett Mfg.) through which a 
cold gas or liquid can be passed for heat dissipation. 

It is helpful to request component manufacturers to use 
Nickel or Dumet lead wire in order to simplify weld set- 
tings for later fabrication. 

Components such as potentiometers, synchros, resolvers, 
motors, optical pickoffs, etc., which in themselves are 
functioning assemblies, are subject to dynamic errors 
which can exceed static measurements. These errors can 
be due to: assembly inaccuracies; mechanical instability; 
dynamic failure of bearings, and brush and slip ring as- 
semblies; character and quality of insulation material; and 
natural frequency of the entire device as a minor vibrat- 
ing system. The important thing to remember here is that 
these aberrations are more pronounced in high density 
packaging. 


HIGH DENSITY PACKAGING 


High density packaging involves laying out components 
in an electronic assembly into a minimum volume. Some 
arbitrary definitions were established by Kearfott to facili- 
tate study of this area. 

Weldbloc: the smallest completely functional group of 
components assembled and connected in a standardized 
modular package. 

Weldstac: a group of Weldblocs interconnected into a 
small assembly to perform a minor system function. 
Some design criteria considered were: 

® What is the largest component? Let this or multiples 
of this size establish one or more guiding dimensions. 

© Can log-piling help? Log piling (also called the 
“cordwood technique”) is the placing of cylindrical com- 
ponents side by side, with leads parallel. An additional 
space saving technique is placing the body of a component 
adjacent to lead wire of the one closest to it. In this 
case, it is necessary that there by a minimum of 0.10 inch 
clearance in order to leave room for the welder electrode 
tips during fabrication. Log piling was chosen as the 
best compromise since it provided reasonable space sav- 
ings as well as a simple, logical layout technique, even 
though a random component assembly program would 
have resulted in higher density. 

® Minimize the number of levels of component wire 
connection by eliminating wire crossing wherever possible. 

e Heat dissipating devices may be placed in close 
proximity to the built-in heat sink which then is designed 
for mounting to the external thermal dissipator. 

Whenever possible, maximum number of components 
should be mounted on the periphery of the assembly so 
that simple replacement before potting can be achieved. 
In one approach, called the peripheral method, the compo- 
nents are assembled into units in the form of circular 
wafers, squares, rectangles, or long sticks of substantially 
rectangular cross section. These units can then be stacked 
or placed side by side and thereafter simply _inter- 
connected. Subassembly is accomplished by welding the 
component leads to strip wires or to other component leads 
to form a rugged assembly prior to potting. Simplicity in 
repair and maintenance is thus achieved. 
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UNIMAX 


LEVER-ACTUATED 


SWITCHES 





Cut manufacturing costs by eliminating complex 
linkages and mechanical couplings. Levers, in hun- 
dreds of special shapes, suit individual needs. 

The standard Type 2HLT-1 switch shown is 
115/16 x 11/16 x 1 5/64 inches with a 2 1/2- 
inch rigid-lever actuator. Some special levers we 
have furnished are shown; we’ll design to fit your 
requirements. 


Basic UL rating of Unimax 2HL series is: 1 hp 
125 v. a-c; 2 hp 250 v. a-c; 20 amp. 125, 250, 480 
v. a-c; 10 amp. 125 v. a-c lamp load. Write for 
Catalog 123, containing basic data on the entire 
Unimax Switch line. 

Local distributors now stock Unimax switches 

for your convenience. 


UNIMAX SWITCH 


(4A. Got 1eHiCA CA%4MNG2GHOH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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BREAKTHROUGH IN | (=== 
PRESSURE SWITCH ACCURACY | 


at reduced prices 


The high accuracy associated with instruments costing several hundred 
dollars is now obtainable with new Barksdale pressure switches at a 
retail cost of $19.00 to $30.00. Accuracy of +0.5% is guaranteed and 
+0.2% accuracy can be supplied when required. Substantial price re- 
duction is accomplished by use of erector set design and a major invest- 
ment in production tooling. A wide choice of “tailored to the job” features 


Another method which was considered, the master film 
method, is the use of two films with all components sand- 
wiched between them. These films contain the wiring dia- 
gram, the placement and nomenclature of components, 

| electrical outputs and inputs, and electrical information 
for checking the completed package. 

Of the two methods described above, the latter was 





meets your specification requirements exactly. 
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WE BUILD IN 


EXTREME ACCURACY 
and DEPENDABILITY 


maintained during 
operating life due to 
direct acting design 


OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
ae elements 


IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 





sl soe omens sage eer | 
er and 
handbook 


ADJUSTMENT wae 











INSTRUMENT 
QUALITY 
SNAP ACTION 
SWITCHES 


ARE IMPORTANT 


WE DON'T USE 


° “LINKAGES & 
“BEARINGS 


which, as they wear, 
make the setting of the 
pressure switch drift. 


LIQUID SWITCHING 


ELEMENTS 


which make the switch 
‘difficult to mount and 
very critical to — 


ACCORDION 
BELLOWS 


which make the 
pressure switch 
sensitive to vibration. 





arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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chosen and developed into a working procedure because 
it afforded the most straightforward method of assembly, 
and seemed most amenable to being developed into a 


| production technique. Additional benefits which accrued 


| transposition and omission, 


| 


| component templates, 


were minimization of assembly errors due to component 
and to poor wiring and spac- 
ing. 

This method was built around the use of ten-times-size 
and a transparent base master. 
These templates are arranged within two standard out- 
side dimensions set up for the assembly. (The third di- 
mension is controlled by number and size of components. ) 
The procedure is as follows: 

The designer places the marked component templates 
on a clear layout film. The templates must be oriented 
to achieve the shortest possible wire route from one com- 
ponent to another. 





Fig 1 Miniaturized five-watt servo amplifier (left), a result of 
Kearfott’s packaging program, is 1/5 the volume and 1/4 the 
weight of its predecessor. 


Consideration must be given to just how output leads 
are to be terminated on each package. If output leads are 
to terminate on a side of the package, no less than 3/32” 
can be allotted to accommodate the leads and output pins. 
(See Fig 1.) 

When the template layout is completed, it is analyzed 
with respect to size and configuration. If satisfactory, 
the layout is sent to the photo lab for a contact negative. 
This negative is now used to obtain a face-up print for 
the top and a face-down one for the bottom. If the layout 
of the top and bottom indicate no crossing of wires and 
that all points can be connected and welded without 
difficulty, the 10 to 1 negative is sent back to the lab for a 
contact positive. A face-up contact positive is shown in 
Fig 2. 

Tape is used to wire from point to point, joining all 
the components such that no cross wires will exist. In 
this way, single layers of wiring on top and bottom (see 
Figs 3a and 3b) of the subject assembly can be achieved. 

If it is possible to have all the wires connected without 
crossing, the assembly procedure can proceed; but if the 
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Inland’s new Model 579.35 d-c amplifier has a high 
power output of 100 watts when used with low im- 
pedance loads requiring direct current. And this 
completely transistorized amplifier is packaged 
in a hermetically sealed can only 2%" x 3%" x 2%”. 

Designed for use with d-c torquers, in one typi- 
cal application Model 579.35 provides 65 db power 
gain between the output of a d-c driver stage and 
the input terminals of a permanent magnet torque 
motor. This amplifier has these outstanding per- 
formance characteristics: 

® The d-c output has magnitude and po- 
larity proportional to the input signal. 

e All amplifier circuits use a combination of 
silicon and germanium transistors (all- 
silicon models also available). 

e Amplifier null and gain are stable and 
independent of temperature. 

Inland also makes a complete line of rotary 
amplifiers for matched use with Inland’s distinc- 
tive pancake shape d-c torquers. 

A brochure on this new high-power amplifier is 
available. For your copy and complete data on 
Inland torquers and amplifiers, write Dept. 4-8. 


INLAND MOTOR CORPORATION OF VIRGINIA e A SUBSII KOLLM 
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first with solid state 100-watt d-c amplifier 


TYPICAL SPECIFICATIONS 


Maximum Power Output, watts (6 ohm load) 100 
Power Gain 4,000,000 
Current Gain 200,000 
Voltage Gain 15 
Frequency Response DC to 1000 cps 
Input Impedance, ohms 50,000 
Dimensions, inches 2% wide 

3%e long 

2% high 
Operating Temperature Range in °C minus 50° to plus 50° 





NORTHAMPTON, MASS 
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Fig 2 First step in the packaging procedure: ten-times-size 
component templates are laid out on clear film and oriented to 
achieve shortest possible wire route from one component to 
another. 


wires cross one another, then separators must be planned, 
creating a second layer of wiring. 

The master film layout should also contain all mechani- 
cal dimensions such as length, width, height, scale and a 
controlling dimension for reduction purposes. Location 
of this dimension is indicated in Fig 3. The targets at 
either end of the controlling dimension are used after final 
reductions to accommodate the package spacers which 
will fix the film spacing (package height) during the 
welding operation. 

The master layout is now completed and represents a 
document indicating the point to point wiring (path to be 
taken by the nickel ribbon) for the top and bottom of the 
proposed welded package. 

The completed master layout is now ready for final re- 
duction. The reduction from a 10x 1 master to the final 
size as indicated by the target dimension is accomplished 
on Eastman-Kodak Mylar or DuPont Cronar material. An 
intermediate two-times-size print can be used by the model 
or production shop as a production aid. 


JOINT TECHNIQUES 


The following joining techniques were considered: 
Soldering techniques, both individual point and dip solder- 
ing, were considered and were eliminated because, due 
to flux residue degradation, it is not possible to predict 
length of function life. Further, quality control of indi- 
vidual solder joints is difficult to maintain in production. 

Epoxy joining methods were rejected for it was felt that 
more experimentation was required to confirm their use- 
fulness. 

Resistance welding, however, permits metallographic 


Fig 4 One of four films used in Point-to-Point Multilayer Mother Board for intercon- 
necting individual Weldblocs in Kearfott’s Digistrobe Display Device. Weldbloc 








Fig 3 The template layout shown in Fig 2 is photographed 
from top and bottom to obtain a face-up print for the top and 
a face-down one for the bottom. 
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connections feed through and are welded to grommets (circles) in the Mother Board. 
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Fig 5 Straight Line Grid Mother Board is similar to 
Point-to-Point type except that all interconnection wir- 
ing is made via strip wires placed perpendicular 
to each other, with welded junctions for continuity. 








Fig 6 Illustration of how a set of Weldblocs would be set up prior to in- 
terconnection with Mother Board. Also illustrated is use of template film. 


verification, which is the basis of a predictable level of 
quality, essentially beyond the control of the operator. By 
adjusting the contact pressure and electrical energy flow, 
and by experimentation with particular connection mate- 
rials of known cross section, junctions can be made with 
consistent pull strength (tensile force necessary to rupture 
a connection). The result is a package which has no 
weaknesses in any direction. 
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Since welding is a process based upon the principle that 
a high current flowing through two pieces of metal be- 
tween electrodes will heat the pieces to their fluid state for 
actual alloying, there is no need for a flux for wetting, 
oxide removal, or other surface preparation. Thus, no 
cleaning is necessary after component connection. 

Further welding techniques, detail schedules, and phil- 
osophy are discussed in welder manufacturers’ literature. 
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Electronic Building Blocks 
Series 1-TRAMP 


Tramp* 


will solve 


your servo 
amplifier 
problems 
just as easily 





CD 


—aeex ced 





PLUG-IN or 
TURRET TYPE — 


A transistorized building block that gives the design engineer— 
* more than 1 watt controlled power per ounce 
* voltage gains up to 30,000 
* 10,000 hours of operation 
Can be used in— 
¢ differential DC applications 
* magnetic amplifier applications 
* relay applications 
Hermetically sealed, meets government environment specs. 





For detailed TRAMP specs or R&D assistance, write to: Dept. TR-4 
M. Ten Bosch, Inc., Pleasantville, New York 
: CIRCLE NO. 21 ON INQUIRY CARD 
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Fig 7 Resolver buffer amplifier rides “piggyback” on its re- 
solver, eliminates interconnection cables with associated noise 
and pickup problems. 


ENCAPSULATION 


Some important considerations in encapsulation are: The 
difference between the coefficients of expansion of the 
component lead wires and the component body materials is 
sufficient to rupture their junction if both are locked in 
vise-like pressures of a rigid encapsulant. Therefore, it is 
necessary to provide some type of silastic coating over the 
components prior to potting so that the rigidity of the 
encapsulant will not shatter the components within. 

In the small volume assemblies that result from high 
density packaging, encapsulants must be analyzed for re- 
sistance to hygroscopic exposure. When used on assem- 
blies such as buffer amplifiers where R/C trimming and re- 
sistance ratio balance are important, encapsulants can cause 
changes in the insulation resistance and distributed capaci- 
tance, thus affecting the operational linearity of the com- 
plete assembly. 


INTERWIKING 


Interwiring of the individual Weldblocs can be accom- 
plished in several ways. Three techniques were considered: 
_ The Point-to-Point Multilayer Mother Board technique 
was used in the Kearfott Digistrobe Display Device. 
One of the four films used in this multilayer mother board 
is shown in Figure 4. The Weldbloc connections feed 
through and are welded to grommets in the mother board. 
These are then interconnected via nickel strip wire laid 
out along the paths printed on the mother board. 

Molded separators maintain parallel spacing between ad- 
jacent nickel strip wires in the same plane. By using the 
same material for the separators and encapsulation me- 
dium, the separators can actually dissolve into the encap- 
sulant. By this method, the separators serve their purpose 
of maintaining alignment of the interwiring strip wire 
until the encapsulant takes hold. 
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If the film material were made from a compatible plastic, 
it, too, would dissolve leaving only the photo sensitized 
emulsion, depicting the wire runs in the individual levels. 
Thus the stratification due to film separation is eliminated. 

Straight Line Grid Mother Board, shown in Figure 5, is 
similar to the Point-to-Point type except that all inter- 
connection wiring is made via strip wires placed perpendic- 
ular to each other, with welded junctions for circuit con- 
tinuity. Experience has shown that this technique, though 
simpler for the welder and simpler to automate, takes addi- 
tional volume and sometimes more interconnection strata 
than Point-to-Point boards. Figure 6 shows how a set of 
Weldblocs would be set up prior to connection with a 
Mother Board. 

Connectors can also be welded or soldered to individual 
Weldblocs to fabricate plug-in assemblies (see Figure 7). 
However, use of connectors will reduce savings in volume 
obtained by high density packaging and will also reduce 
potential reliability by whatever unreliability is inherent 
in the connector. 

After Weldblocs are joined via mother board into a 
Weldstac, the latter can then be connected with flexible 
cable to other Weldstacs. These cables can be welded to 
each other, and finally terminated in one connector from 
the electronic system. 


RESULTS 


Effectiveness of Kearfotts new packaging techniques are 
illustrated in two examples. 

A production servo amplifier, shown in Fig 1, is 1/5 the 
previous volume and 4 the weight of its predecessor, at 
no increase in cost. 

A resolver buffer amplifier rides “piggyback”, (see Fig 
7) eliminating interconnection cables with concomitant 
noise and pickup problems. 

Designs of standard electronics for inertial equipment 
have provided reduction of four to one in volume and two 
to one in weight, with improvement in reliability. 

eee 
Write No. 262 in Box on Inquiry Card 





Flexible Printed Circuitry 


By incorporating the outstanding electrical, physical and 
thermal properties of Teflon FEP, Garlock Electronic 
Products, Camden, N. J. has produced a printed circuit 
that offers greater design freedom, maximum reliability, 
lower installation costs and package sizes and weight re- 
duction. Garlock’s flexible printed circuitry can be bent 
or twisted into any desired shape without compromising 
overall reliability. It can be designed to conform exactly 
to package contours and component parts. Terminations 
which are adaptable to common industry standards are 
acceptable. The Teflon insulation is not harmed by the 
intense heat needed for a strong soldering bond. The 
etched copper circuit is completely encapsulated between 
two layers of Teflon FEP. 

Besides flexibility, the use of Teflon as the insulation 
material also offers a wide temperature range of from 

122 degrees F to +-400 degrees F. Its dielectric constant 
a 2.1 +0.1 remains stable throughout a frequency range 
of 10° to 10° eps and throughout the complete temperatures 
span. Thickness of the Teflon determines the amount of 
voltage that can be safely handled. Electrolytic copper 
is used as the conductor material. Garlock Electronic 
Products, Camden, N. J. eee 

Write No. 701 in Box on Inquiry Card 
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MODULAR PACKAGE of 
MAXIMUM EFFICIENCY 


zs:at low cost 


Delta-T modular concept obtains thermal resistances as low 
as 0.3° C/W per semiconductor, full utilization of air flow 
with no costly transition pieces, complete accessibility and 
no mica wafers. 


Extremely low head loss per unit length and electrically iso- 
lated quadrants allow you new and wide design latitude. 
Delta-T utilizes extruded aluminum quadrants to cut costs 

Bee in half and greatly increase 
efficiency per unit weight. 
Specific designs to accom- 
modate both- shelf-mounted 
and stud-mounted semicon- 
ductors. Write for Model 800 
Bulletin. Also available, 
“Semiconductor Cooling 
Handbook”’, devoid of ad- 
vertising, filled with engi- 
neering facts. 


oto 


SEMICONDUCTOR 


COOLERS 


WAKEFIELD ENGINEERING INC., Wakefield, Mass. 
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TECHNIQUES 








PELTIER COOLING OF HOTSPOTS 





hotspots in compact equipment. 





Many reports that have come to our attention foresee in the immediate future the practical 
application of the Peltier effect to hotspot cooling. However, a study made by Donald S. 
Gage, Asst. Prof. of Electrical Engineering at Northwestern University, suggests that much 
more work will have to be done before Peltier cooling of hotspots is practical. In a paper 
presented at the 16th Annual National Electronics Conference, Gage compared the effective- 
ness of reported thermoelectric materials to ordinary heat conductors in removing heat from 








In conventional refrigeration, Gage explained, the thermo- 
electric properties of the materials are used to move heat 
“uphill,” that is, from a lower to a higher temperature. 
The larger the temperature difference, the more important 
it is that the materials have a low heat conductivity. When 
cooling hotspots, however, the thermoelectric properties 
of the materials merely aid the flow of heat in the natural 
direction — “downhill.” The larger the temperature differ- 
ence, the more desirable it is for the materials to have a 
high heat conductivity. 

Theory has shown that the figure-of-merit for material 
used in refrigeration cooling is a*/px. However for hot- 
spot cooling, Gage found a figure-of-merit of a’/p. There- 
fore, he concludes, it is necessary to examine combinations 
of metals all over again; for materials not suitable for 
thermoelectric cooling in the refrigeration sense might be 
very suitable for cooling in the hotspot sense. 

Principal difference between the cooling of hotspots and 
conventional refrigeration, seen in the two figures-of- 
merit, is the role of the thermal conductivity x. Accord- 
ing to Gage, much effort is directed towards decreasing 
this heat conductivity, since the present search for thermo- 
electric materials is guided by the a’/px figure-of-merit. 
Should some of this search be guided by the a’/p figure- 
of-merit, he contended, the effort could be reoriented to 
decreasing the electrical resistivity p. In general, he stated, 
the thermoelectric power a can not be changed signifi- 
cantly by doping, changes in the crystal structure, etc. 
The following section shows how Gage derived the figure- 
of-merit for hotspot cooling and how he applied it to a 
specific problem to demonstrate that heat conduction in 
ordinary copper is superior to the use of reported thermo- 
electric materials. 


COOLING OF HOTSPOTS 


Basic equation describing the rate at which heat can be 
absorbed in the vicinity of one junction (the hotspot) is: 


Oseco = aT, + K(T,—T,.) — (1/2yrI’ watts (1) 
where a = |a,—a,| volts/°Kelvin 
kK = K, + RK, == S,, l,+ K: S./l, 
= watts/°Kelvin 


r= r,+ =I, p,/S:+ 1, p./S, 


Equation (1) consists of three terms which collectively 
determine the rate at which heat is removed from the left 
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Hot Alloy with a < 0 Cold 
(T)) 1 (T)) 
Reference 
7 
(a) Seebeck Effect (1822) 
Heat is : Heat is 
absorbed Alloy with a <¢ 0 liberated 
—_—_——~> 1 RY — 
(Qcpc) Reference Metal 








wt) | 
(b) Peltier Effect (1834) 


Fig 1 Thermoelectric effects in electrical 
circuits consisting of two different metals. 











junction in Fig 1 (b). The first term is the rate of heat 
removed from the junction at temperature T, by Peltier 
cooling. The second term is due to ordinary heat con- 
duction. The last term is the rate at which Joule heat is 
supplied to the junction and assumes that the wires are 
perfectly insulated and therefore can lose none of their 
Joule heat to the surroundings by any means of heat 
transfer other than lateral transfer to a junction. The 
division of Joule heat between the two junctions becomes 
apparent if one considers the situation in which T, = T>. 
Under this hypothetical condition, assuming a uniform 
geometry for both wires and neglecting the Peltier effect, 
the center of each wire will be heated somewhat, and one 
half of the Joule heat will flow to each junction. Under 
an actual condition of a hot and cold junction, the change 
in heat flow to each junction is equal to the second term 
in equation (1), consequently, the superposition of the 
second and third terms gives the rate at which heat is 


ELECTROMECHANICAL DESIGN 





emove 
ctual 
‘iven 


eprest 
he I’r 

Sinc 
t is | 
increa: 
maxim 


Eq 
remov 


( 

If 
equat 
Ox 


wher 
PF, is 
tion 
Ga 
tions 
and 
rate 
the f 
Su 
equi 
from 
AW! 
the | 


Ose 


Neg 
heat 

C 
to t 
con 


leng 


To 


nec 














moved/supplied under the assumed conditions. The 
ctual rate of heat removal from the source — Qsre — is 
iven by the linear superposition of the terms which 
epresent the Peltier effect, ordinary heat conduction, and 
he I’r heating in the wires. 

Since the objective is to remove heat from a hotspot, 
t is logical to seek a maximum for Qszc. Qsec can be 
increased by increasing the temperature difference and 
maximized by using the optimum value of current. 


dO se /dl = a T,— 11 = 0 (2) 
I = aT,/r amps (3) 


Equation (3) is the current at which the rate of heat 
removal is a maximum. Therefore, 


Osec (max) == (1/2) T,*(a*/r) K (T,—T.) (A) 


If ==, $,=S,—S, and p=p: + p» 


equation (4) becomes: 


Osec (max) = (1/2) T,’*F, (S/l) + K(T,—To) (5) 


where F, = a’/p 
F, is the figure-of-merit for materials used in this applica- 
tion of hotspot cooling. 

Gage calculated this figure-of-merit for many combina- 
tions of thermoelectric materials and found cobalt-copper 
and nickel to have the highest. To show the maximum 
rate of heat removal using this combination, Gage chose 
the following example. 

Suppose the problem is to cool the compact electronic 
equipment in a satellite. The hotspot is located 50 cm 
from the surface and the allowable wire size is No. 6 
AWG. If T, = T, = 350° Kelvin, equation (5), using 
the cobalt-copper-nickel figure-of-merit, gives: 


= (1/2) T,’F, (S/l) ( 
= 1/2 (350)* (182 « 10°) (0.133/50) 

= 0.0296 

Neglecting heat conductivity, this is the rate at which 

heat can be removed by these two wires. 

Gage then compared the heat removal in equation (7) 
to the heat that can be removed, through ordinary heat 
conduction, by two copper wires of the same area S and 
length 1. 


~l 


QOsnre (max) 


Q, = K (T,-—To) (8) 
(2k-u) (S l) ( T,- ‘i 
0.0204 (T,—To) 


To achieve the rate of heat removal in equation (7), the 
necessary temperature difference is: 

(T,— To) 1.45° Kelvin (9) 
This small temperature difference indicates, Gage con- 
cluded, that hotspot cooling using reported thermoelectric 
materials is inferior to heat conduction in ordinary copper. 
Since the same geometry factor (S/l) appears in equations 
(7) and (8), a change in wire size or distance will not 
affect the result. 

Summarizing, Gage said, “The best pair of alloys dis- 
covered to date can only remove heat from a hotspot at 
the same rate as provided by heat conduction in pure 
copper with a temperature difference of 1.5° Kelvin. Metal 
alloys may exist which have a higher thermoelectric power 
and a lower electrical resistivity than those now reported. 
If so, the Peltier cooling of hotspots may become prac- 
tical.” eee 
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ACTUAL 
SIZE 


(versus ordinary commercial servo-type motor) 


60 CYCLE 
MINIATURE 


“is SERVOMOTORS 


Design instant response into your recording instru- 
ments and, at the same time, miniaturize your 
“package” with substantial cost-reductions. EAD 
60 cycle, size 15 miniature servomotors are engi- 
neered for RESPONSE-ability...the ability to 
produce rapid acceleration and reversing without 
over-power and over-size. 

These 60 cycle, size 15 servomotors, now available 
for commercial applications, have the same preci- 
sion RESPONSE-ability as EAD’s military ver- 
sions... your assurance of high performance and 
reliability. 


TYPICAL PERFORMANCE DATA 












































MODEL ~ §$2HBZ7-* S2HAX7-* 

| Voltage ~ 115 volts 115 volts 
Frequency 60 cycles 60 cycles 
Stall Power/Phase 6.0 watts 6.0 watts 
Stall Current/Phase ~ 70 MA 70MA.—~—~—CS 
Time Constant .0052 Sec. .00915 Sec. 
Reversing Time .0089 Sec. .0155 Sec. 
Rotor Inertia 4.0 gm cm? 3.3 gm cm? 
No Load Speed 1500 RPM 3000 RPM 
Stall Torque 1.7 oz-in 1.6 oz-in 

















*Basic models. Mechanical modifications available to customer requirements. 


If your responsibility is improved recorder design, 
look first to EAD for the servomotor line that 
meets all your RESPONSE-ability requirements. 
Call your nearest EAD representative or write 
about your specific needs. 


Rotation Is A Science At 


EASTERN AIR DEVICES, Inc. 


A SUBSIDIARY OF NORBUTE CORPORATION 
353 Central Ave., Dover, New Hampshire 
CIRCLE NO. 23 ON INQUIRY CARD 
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Ampex Instrumentation Products Company, 


Redwood City, California 


INSTRUMENT BALL BEARING SELECTION 


Selection of the proper ball bearing 
for an application can be made only 
after a thorough study of the static 
and dynamic conditions of the appli- 
cation, and the environment in which 
the bearing is to operate. Precision ball 
bearings have many basic character- 
istics that are affected by the applica- 
tion, and various factors must be con- 
sidered in order to take full advantage 
of the reliability built into ball bearings 
and determine their expected service 


life. 
LOAD TO BE CARRIED 


Instrument ball bearings are manu- 
factured in sizes ranging from 0.100 
inches up to 20 inches in diameter. 
Each bearing has a definite load carry- 
ing ability for both static and dynamic 
loads. The total load that can be car- 
ried radially, axially, or as a combina- 
tion of the two, can be computed. The 
load-carrying ability is a major crite- 
rion when establishing the life expect- 
ancy of a given bearing in a given ap- 
plication. 

The “Basic Dynamic Load Rating,” 
usually referred to as the “C” factor, 
is the typical radial load that a group 
of apparently identical bearings can en- 
dure for a rated life of one million revo- 
lutions with a stationary load and a 
rotating inner ring. 


The “C” factor may be determined by 
C =f. (icos ay’ Z” D,'" lb. 


where i = No. of rows of balls per 
bearing 
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a= Angle of contact 

Z = No. of balls per row 

D = Diameter of ball, in inches (If 
D, > 1”, the exponent should 
be changed to 1.4) 

f. == Material factor, or 
capacity coefficient 





dynamic 


The material factor, f., is propor- 

tional to the diameter of the ball and 
the cosine of the angle of contact and 
is inversely proportional to the pitch 
diameter, D,,, of the ball set. 
It is seldom necessary for the design 
engineer to calculate the basic dynamic 
load rating, or “C” factor, since the 
manufacturer usually provides him 
with this information. 

Using the “C” factor, the life ex- 
pectancy for a given bearing can be 
determined by using the following 
formula: 


L, =(C/P) 


where L,, is the normal life in millions 
of revolutions; C is the basic dynamic 
load rating in pounds; p is the radial 
load in pounds. 

However, the load is seldom purely 
radial. It almost always has an axial 
load component. Therefore, it is neces- 
sary to calculate the combined axial 
and radial loads, known as the “Equi- 
valent Load.” This value, P,, can be 
determined by the larger of the two 
values calculated from the following 





(a) P.= VF, 

or 

(b) P.=XVF.VF. 
where V =the rotation factor 


X = the radial factor 
Y = the thrust, or axial, factor 
F, = the radial load 
F, = the thrust, or axial, load 


F,/V F, (or the factor e) represents 
the ratio for which the two equations 
are equal. (If the ratio of loads is 
such that X — 1.0 and Y = 0.0, or 
F./V F,<e, then formula (a) is used. 
If F,/V F,>e, formula (b) should be 
used. 

For inner ring rotation V = 1.0 in 
all cases; for outer ring rotation v = 
1.2, except for self-aligning bearings, 
where V = 1.0. 

The X and Y factors are usually pre- 
determined by the bearing manufac- 
turer and will vary slightly. As a useful 
rule of thumb, the following values can 
be used. They are typical of the values 
given by the AFBMA (Anti-Friction 
Bearing Manufacturers Association). 
X = 0.56 Y =z 3.00 

Most of the instrument bearing cata- 
logs contain nomographs which show 
the designer the life expectancy he de- 
sires. These nomographs take into con- 
sideration all of the factors mentioned 
above, although the actual presentation 
may vary slightly. 

The American Standards Association 
has recently issued a new specification 
No. B11-1959 which standardizes the 
methods of computation. 





ROTATIONAL SPEED REQUIREMENTS 


As high speed ranges (over 50,000 
rpm) become more common, increased 
attention will be given to operating 
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speeds because of their serious effect 
on bearing reliability. Rotational 
speeds up to 400,000 rpm are now be- 
ing handled successfully by well-de- 
signed ball bearings. 

A major problem with rotational 
speeds is fast reversals, which can cause 
the ball train to skid on the races. This 
skidding results in fretting corrosion, 
smearing of the base metals, and heavy 
“g” loads on the ball retainer. Although 
there is apparently no complete remedy 
for fretting corrosion, measures can be 
taken to minimize the problem. Ade- 
quate preloading of the bearing tends 
to keep the ball system in contact with 
the raceway, thus aiding the ball dur- 
ing reversing. Generous contact angles 
coupled with the preloading also help 
relieve the situation. 

Some applications require bearings 
that do not rotate, but oscillate. This 
will shorten bearing life, since all of 
the loads are repeatedly applied over 
the same area. If the oscillations are 
rapid, problems identical to those 
caused by fast reversal as well as the 
wearing of a restricted area on the 
raceways are factors that have to be 
considered. A simple solution is to 
minimize the radial load. Preloading 
also helps for the same reasons men- 
tioned above. 

Uni-directional rotation results in 
maximum life for a given bearing, pro- 
vided that radial and thrust loads are 
within the design limitations of the 
bearing. 

Another factor for review is the bal- 
ance condition — static and/or dynamic 
— of the rotating mass of the assembly, 
i.e., flywheel, idler, etc. Unbalance is 
an additional cause of early bearing 
failure. As the speed of rotation in- 
creases, the effect of unbalance be- 
comes more pronounced and _ bearing 
life is shortened. 


RUN-OUT CHARACTERISTICS 
OF COMPLETED ASSEMBLY 


All ball bearings have definite run- 
out characteristics due to manufactur- 
ing processes. Only the instrument 
grades of bearings (ABEC Classes 1, 
3, 5, and 7) have a maximum toler- 
ance on the run-out of the inner and 
outer races. The higher the class num- 
ber of the bearing, the less the amount 
of run-out. (Class 9 bearings have been 
built with a maximum run-out of only 
20 millionths of an inch. However, 
these bearings are very special, and 
their cost extremely high. ) 

The run-out of the bearing can be 
used to control the concentricity of the 
outside diameter of the rotating assem- 
bly. Some run-out can be absorbed by 
preloading the bearing, since the side 
faces are usually more accurate dimen- 
sionally than the root of the raceway. 
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PRELOADING OF TWO BEARINGS ON A COMMON SHAFT 


Shim - Shim Spring 
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PRELOADING OF DUPLEXED PAIRS 
ON A COMMON SHAFT 
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Suggested ways of providing preload in precision assemblies. 
Courtesy of the Barden Corporation 
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Bristol choppers a P. 
help first U.S. Astronaut 
maneuver space capsule 


Four Bristol Syncroverter* choppers formed a vital part of the infrared 
horizon sensors manufactured by Barnes Engineering Company, Stamford, 
Conn., and carried aloft in NASA’s MERCURY capsule by the first U.S. astro- 
naut to reach outer space. 

The Bristol choppers function as sensitive phase detectors in the sensors as 
they establish a horizontal reference plane for the vehicle. 





Infrared Horizon Sensor undergoes rigorous optical, mechanical, and electrical checks at 
Barnes Engineering Co. One Bristol chopper is located in foreground, in front of gear. 


Bristol Syncroverter* choppers, noted for low noise, long life and high reli- 
ability, are finding a vital place in more and more missile guidance systems, 
as well as in analog computers, d-c amplifiers, and test equipment for indus- 
trial applications. More than 200 models available. Write for complete details. 


The Bristol Company, Aircraft Equipment Division, Acco 
181 Bristol Road, Waterbury 20, Conn. 

A Subsidiary of American Chain & Cable Company, Inc. 

*T.M. Reg. U.S. Pat. Of. 1.4 - 


BRISTOL ... engineers for precision, builds for reliability 


Visit us at Booths 3316-3318 at the Wescon Show 
CIRCLE NO. 24 ON INQUIRY CARD 
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One of the accepted ways of remov- 
ing run-out for a given rotating member 
is to have positive preloading on the 
bearings, and then grind the outside 
diameter of the assembly after the 
bearings and shaft have been installed, 
By using good quality instrument bear- 
ings and carefully controlled grinding, 
it is possible to lower the amount of 
the run-out to 50-75 millionths of an 
inch. This process is extremely difficult 
on a production basis, because the 
bearings must be kept completely clean 
during the operation. They cannot be 
removed for re-cleaning without losing 
the concentricity obtained by grinding. 

Boundary dimensions of ball bear- 
ings, as well as other internal and ex- 
ternal characteristics, are also defined 
in the ABEC Class 1, 3, 5, and 7. These 
dimensions are important in selecting 
correct housing and shaft sizes. Again, 
as the ABEC class number increases, 
the tolerances become tighter. For high 
precision components, the designer 
must use an instrument grade of bear- 
ing to achieve optimum results after 
assembly. 


PRELOADING 


To obtain maximum operational 
characteristics from ball bearings, they 
must be preloaded — all axial play re- 
moved by controlled thrust loading. 
Ball bearings may be purchased in pre- 
loaded pairs, and then installed either 
as a pair or separated by matched 
spacers. Single bearings or groups of 
bearings, all on one common shaft, may 
also be preloaded by the use of shims, 
spacers, springs, wavy washers or 
bowed washers. The accompanying 
diagrams illustrate some of the vari- 
ous methods of obtaining a preloaded 
condition. 

The amount of preloading required 
is the minimal amount that will insure 
direct and positive contact of the ball 
train with the raceways. As the size of 
the bearing increases, so does the 
amount of preloading needed to pro- 
duce contact. If excessive preloading 
is used, the balls will brinnel (perma- 
nently indent the ball groove of) the 
raceway, and the bearing will be noisy 
and tend to fail rapidly. A _brinelled 
bearing is a total loss and must be 
replaced. 

In preloading, correct radial clear- 
ance is necessary to achieve a realistic 
contact angle for the ball train and the 
outer race. Contact angles for pre- 
loaded bearings should be greater than 
15°, but not more than 30°. There 





have been cases where a contact angle 
greater than 30° was used, but this 
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yuts a gyratory force on the ball which 
hen tends to rotate about an addi- 
ional axis. Radial clearance or play is 
1ot covered by ABEC classification and 
nust be specified if other than standard 
clearances are needed. 


ENVIRONMENTAL REQUIREMENTS 


Environmental conditions that will be 
present in the proposed application de- 
termine the material choice. Tempera- 
ture of operational and standby cycles 
must be known, as well as coefficients 
of expansion and contraction of the 
bearing, shaft, and housing materials. 
A bearing tightly fitted in an aluminum 
housing subjected to temperatures of 
approximately —40°F would probably 
become inoperable since the contrac- 
tion of the aluminum would cancel out 
the radial clearance within the bear- 
ing. Conversely, an assembly with a 
loosely fitted bearing in the same 
housing, subjected to 150°F, would 
probably develop a misaligned shaft 
as the bearing became increasingly 
loose. Therefore, the tolerances assigned 
to the bearing fits within the housing 
and on the shaft must be related to the 
properties of the materials. 

Choice of material is usually deter- 
mined by load requirements. Chrome 
steel (52100) bearings can withstand 
approximately 20% greater load than 
can bearings made of 440 C stainless 
steel. However, stainless steel bearings 
have better corrosion resistance. In 
some instances, it is necessary to pro- 
vide bearings that are completely non- 
magnetic. Beryllium copper may be 
specified, although it has many limita- 
tions, such as susceptibility to galvanic 
corrosion, limited load-carrying capac- 
ity, and high starting and running 
torque. 

Lubrication is closely related to en- 
vironmental requirements of the com- 
pleted assembly. Grease usually has a 
longer life, and provides a pseudo-fluid 
seal, but almost doubles the starting 
and running torque of the bearing. Oil 
is preferable for low torque. 


SHAFT AND HOUSING MATERIALS 


In addition to the requirement that 
shaft and housing materials have com- 
patible expansion and contraction co- 
efficients, they must be able to support 
the required loads. When a shaft or 
housing deflects, it causes misalign- 
ment of the ball-circles of the bearings. 
This misalignment shortens the life of 
the bearing, as well as causing noisy 
operation. If aluminum, magnesium, or 
some other housing material having a 
high coefficient of expansion is re- 
quired, it is often advisable to provide 
a steel insert for the bearing seat. This 
insert can be installed using a heavy 
press fit, and then sized for proper 
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bearing fit. The insert absorbs the ex- 
pansion and contraction of the housing, 
giving the bearing a constant fit. 

Shaft materials should be selected 
with care. Stainless steel (400 series) , 
or a good grade of high carbon steel 
is preferred. For precision assembly, it 
is usually advisable to harden the shaft 
to 45-50 Rockwell “C”, and to grind 
the bearing seats and other critical sur- 
faces to the desired tolerances. When 
non-magnetic shafting is required, 
hardened beryllium copper or stainless 
steel of the 300 series may be used if 
the structural strength of the shaft has 
been determined, and matched with 
the application. 

In all cases, the leading edge of the 
bearing seat, whether on the shaft or 
in the housing, must be chamfered at 
least 15°. All shoulders must be under- 
cut to provide a square surface for the 
leading edges of the bearing. Finishes 


for bearing seats must be\’/or better. 


PREVENTATIVE MAINTENANCE 


The success of any rotating compo- 
nent, from a reliability standpoint, is a 
direct function of preventative main- 
tenance. If such a component can be 
relubricated, adjusted, aligned, etc., af- 
ter installation with a minimum of dis- 
assembly, the unit is well designed. Of 
prime importance is the maintenance 
of the lubricant. Normally, bearings 
should be re-lubricated after each five 
hundred hours of operation, in accord- 
ance with existing lubrication specifi- 
cations. Over lubrication causes more 
bearing failures than lack of lubrication. 


SHAFT AND HOUSING FITS 


Instrument bearing dimensions, out- 
side diameter and bore, have exacting 
tolerances determined by their ABEC 
class. If the designer uses the mid- 
point of the tolerance for the bearing 
under consideration, and then dimen- 
sions his shaft and housing using this 
mid-point, he follows the best ac- 
cepted practice. Bearing manufac- 
turers’ quality control charts and bell- 
graphs indicate that this mid-point is 
an excellent guide post. 

For miniature sizes of bearings, ODs 
up to and including 0.3750” fits that 
are line-to-line to 0.0002 loose on both 
the shaft and the housing are recom- 
mended. For other instrument bear- 
ings, the fits should be from 0.001 tight 
to 0.002 loose. If these tolerances are 
attained, the bearings will operate in 
the best possible manner, and maximum 
life and reliability will be achieved. 

eee 
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HOW NEWTON 
DISCOVERED THE 
LAW OF GRAVITATION 


By James E. Miller, Chairman, Department of Meteorology and Oceanography, N.Y.U. 


A tremendous increase in the num- 

ber of vigorous young workers in 
the scientific vineyard has been one of 
the happiest results of the recent expan- 
sion, encouraged and nourished by our 
Federal Government, of scientific re- 
search in this country. These neophytes, 
left to their own devices by harassed re- 
search directors, have often found them- 
selves without adequate guidance 
through the intricacies of governmental 
sponsorship; but, fortunately, they can 
find inspiration in the story of Sir Issac 
Newton, his development of the law of 
gravitation, and his experience as 
director of the Subproject for Apples of 
the Fruit-Improvement Project, spon- 
sored by His Majesty’s Government of 
Great Britain in co-operation with a 
syndicate of British fruit growers. 

Few are familiar with the details of 
Newton's twenty-year search for a proof 
of his hypothesis: the frustrations and 
failures, the need for accurate measure- 
ments of the earth’s radius and for a 
mathematical tool that Newton himself 
was forced to invent, and the integra- 
tion of his scattered efforts by the splen- 
did organization of the Fruit-Improve- 
ment Project. These details have been 
collected from his Principia, personal 
letters, notebooks and other papers, and 
a series of personal interviews arranged 
by a medium of the author's acquaint- 
ance. 

In 1665 the young Newton became 
a professor of mathematics in the Uni- 
versity of Cambridge, his alma mater. 
His devotion to his work and his capa- 
bilities as a teacher and friend of the 
student may be assumed without ques- 
tion. It is well to point out also that he 
was no dreamy, impractical inhabitant 
of an ivory tower. His services to his col- 
lege went far beyond the mere act of 
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classroom teaching. He was an able and 
active member of the college’s curricu- 
lum committee, the board of the college 
branch of the Young Noblemen’s Chris- 
tian Association, the dean’s advisory 
committee on scholarships and awards, 
the committee for discipline, the 
grounds committee, the publications 
committee, the ad hoc committee, and 
numerous other committees essential 
to the proper administration of a col- 
lege in the seventeenth century. An ex- 
haustive compilation of Newton’s work 
along these lines reveals that, during a 
five-year period, he served on 379 com- 
mittees, which investigated an aggre- 
gate of 7,924 problems of campus life 
and solved 31 of them. 

Newton the genius was yet a human 
being; and though, in energy and abil- 
ity, he far surpassed the great majority 
of his fellow men, he found himself 
ultimately limited in his powers. His 
unselfish devotion to the important work 
of his committees absorbed so much 
time that he was constrained to turn 
more and more of his teaching duties 
over to one of his students. He reasoned, 
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quite correctly, that the substitution of 
a student as teacher in his place would 
benefit both the student and the stu- 
dent's students: the former because, in 
teaching, his own knowledge would be 
enhanced; and the latter because, in 
being taught by one near to them in age 
and interests, they would more eagerly 
grasp at the scraps of knowledge that 
came their way. Newton, whose stipend 
was small, did not spoil this idyllic ar- 
rangement by offering pay to his student 
substitute: a prime example of his sense 
of values and his restraint. Eventually, 
when his substitute had proved his abil- 
ity as a teacher, Newton turned all the 
classroom work over to him and was 
thus able to channel all his tremendous 
powers into the administrative work of 
the college. 

At about this time Newton, whose 
mind was too active ever to let scien- 
tific problems recede from his attention, 
occasionally mulled over the great dis- 
coveries of Kepler on planetary motions 
and the hypothesis advanced by a num- 
ber of astronomers, that these motions 
were governed by an attraction that 
varied inversely as the square of the dis- 
tance between planets. One evening of a 
crowded day in the year 1680, a com- 
mittee that was scheduled to meet at 
eleven o'clock, no earlier time being 
available, was unable to muster a quo- 
rum because of the sudden death from 
exhaustion of one of the older commit- 
tee members. Every waking moment of 
Newton's time was so carefully budg- 
eted that he found himself with nothing 
to do until the next committee meeting 
at midnight. So he took a walk—a brief 
stroll that altered the history of the 
world. 

It was on this excursion into the 
night air of Cambridge that Newton 
was struck by a flash of insight which 
set off a chain of events culminating in 
his announcement of the law of gravi- 
tation to the world in 1686. The season 
was autumn. Many of the good citizens 
in the neighborhood of the modest New- 
ton home had apple trees growing in 
their gardens, and the trees were laden 
with ripe fruit ready for the picking. 
Newton chanced to see a particularly 
succulent apple fall to the ground. His 
immediate reaction was typical of the 
human side of this great genius. He 
climbed over the garden wall, slipped 
the apple into his pocket, and climbed 
out again. As soon as he had passed well 
beyond that particular garden, he re- 
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moved the apple from his pocket and 
began munching it. Then came inspira- 
tion. Without prelude of conscious 
thought or logical process of reasoning, 
there was suddenly formed in his brain 
the idea that the falling of an apple and 
the motions of planets in their orbits 
may be governed by the same universal 
law. Before he had finished eating the 
apple and discarded the core, Newton 
had formulated his hypothesis of the 
universal law of gravitation. By then it 
was three minutes before midnight, so 
he hurried off to the meeting of the 
Committee to Combat Opium Eating 
Among Students Without Nobility. 


[. the following weeks Newton's 
thoughts turned again and again to his 
hypothesis. Rare moments snatched be- 
tween the adjournment of one commit- 
tee and the call to order of another were 
filled with the formulation of plans for 
testing the hypothesis. Eventually, after 
several years during which, according 
to evidence revealed by diligent re- 
search, he was able to spend 63 minutes 
and 28 seconds on his plans. Newton 
realized that the proof of his hypothesis 
would take more spare time than might 
become available during the rest of his 
life. He had to find accurate measure- 
ments of a degree of latitude on the 
earth’s surface, and he had to invent the 
calculus. 

Finally he concluded that he must 
find some relief from his collegiate ad- 
ministrative burdens. He knew that it 
was possible to get the King’s support 
for a worthy research project of definite 
aims, provided a guarantee could be 
made that the project would be con- 
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cluded in a definite time at a cost exactly 
equal to the amount stipulated when 
the project was undertaken. Lacking ex- 
perience in these matters, he adopted a 
commendably simple approach and 
wrote a short letter of 22 words to King 
Charles, outlining his hypothesis and 
pointing out its far-reaching implica- 
tions if it should prove to be correct. It 
is not known whether the King ever saw 
this letter, and he may not have, being 
overwhelmed with problems of state 
and plans for pending wars. There is 
no doubt that the letter was forwarded, 
through channels, to all heads of de- 
partments, their assistants, and their 
assistants’ assistants, who might have 
reason to make comments or recommen- 
dations. 

Eventually, Newton’s letter and the 
bulky file of comments it had gathered 
on its travels reached the office of the 
secretary of HMPBRD/CINI/SSNBI 
— His Majesty’s Planning Board for 
esearch and Development, Committee 
for Investigation of New Ideas, Sub- 
committee for Suppression of Non- 
British Ideas. The secretary immediately 
recognized its importance and brought 
it before the subcommittee, which voted 
to ask Newton to testify before the Com- 
mittee for Investigation of New Ideas. 
Some discussion of Newton’s idea — 
whether it could really be called British 
in intent—preceded this decision, but 
the transcript of the discussion, filling 
several quarto volumes, clearly shows 
that no real suspicion ever fell upon 
him. 

Newton’s testimony before 
HMPBRD/CINI is recommended to 
all young scientists who may wonder 
how they will comport themselves when 
their time comes. His college consider- 
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ately granted him two months’ leave 
without pay while he was before the 
committee, and the Dean of Research 
sent him off with a joking admonition 
not to come back without a fat con- 
tract. The committee hearing was open 
to the public and was well attended, 
though it has been suggested that many 
of the audience had mistaken the hear- 
ing room of HMPBRD/CINI for that 
of HMCEVAUC— His Maiesty’s Com- 
mittee for the Exposure of Vice Among 
the Upper Classes. 

After Newton was sworn to tell the 
truth and had denied that he was a 
member of His Majesty’s Loyal Opposi- 
tion, had ever written any lewd books, 
had traveled in Russia, or had seduced 
any milkmaids, he was asked to outline 
his proposal. In a beautifully simple and 
crystal-clear ten-minute speech, de- 
livered extemporaneously, Newton ex- 
plained Kepler’s laws and his own 
hypothesis, suggested by the chance 
sight of an apple’s fall. At this point one 
of the committee members, an imposing 
fellow, a dynamic man of action, de- 
manded to know if Newton had a 
means of improving the breed of apples 
grown in England. Newton began to 
explain that the apple was not an essen- 
tial part of his hypothesis, but he was 
interrupted by a number of committee 
members, all speaking at once in favor 
of a project to improve apples. This dis- 
cussion continued for several weeks, 
while Newton sat in characteristic 
dignity waiting until the committee 
wished to consult him. One day he ar- 
rived a few minutes late and found the 
door locked. He knocked circumspectly, 
not wishing to disturb the committee’s 
deliberations. The door was opened by 
a guard who told him there was no more 
room and sent him away. Newton, with 
his logical way of reasoning, deduced 
that the committee did not wish to con- 
sult him further, and forthwith he re- 
turned to his college and his important 
committee work. 

Several months later Newton was 
surprised to receive a bulky package 
from HMPBRD/CINI. He opened the 
package and found it contained a 
variety of governmental forms, each in 
quintuplicate. His natural curiosity, the 
main attribute of the true scientist, pro- 
voked him into a careful study of the 
forms. After some time he concluded 
that he was being invited to submit a 
bid for a contract for a research project 
on the relationship between breed, 
quality, and rate of fall of apples. The 
ultimate purpose of the project, he read, 
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was to develop an apple that not only 
tasted good but also fell so gently that 
it was not bruised by striking the 
ground. Now, of course, this was not 
what Newton had had in mind when 
he had written his letter to the King. 
But he was a practical man and he 
realized that, in carrying out the pro- 
posed project, he could very well test 
his hypothesis as a sort of sideline or 
by-product. Thus, he could promote the 
interests of the King and do his little 
bit for science in the bargain. 

Having made his decision, Newton 
began filling out the forms without 
further hesitation. One of the question- 
naires asked how the funds allotted for 
the project were to be spent. Newton 
was somewhat taken aback to read that 
£12,750 6s. 3d., the surplus remain- 
ing in the horticultural development 
fund for the current fiscal year, had 
been estimated as the total cost of his 
project. Methodically, he put down his 
own stipend first, and after a moment's 
thought he added the item: “Other 
salaries, travel, supplies, and overhead: 
£12,750 Os. Od.” 

A true believer in correct adminis- 
trative procedures, Newton sent the 
completed forms by special messenger 
to the Dean of Research, for transmittal 
through proper channels to HMPBRD/ 
CINI. His adherence to established pro- 
cedure was rewarded a few days later 
when the Dean of Research summoned 
him and outlined a new plan, broader 
in scope and more sweeping in its con- 
ception. The Dean pointed out that not 
only apples but also cherries, oranges, 
lemons, and limes fell to the earth, and 
while they were about it they might as 
well obtain a real, man-sized govern- 
ment contract to cover all the varieties 
of fruit that grow above the ground. 
Newton started to explain the misun- 
derstanding about the apples but he 
stopped rather than interrupt the Dean, 
who was outlining a series of confer- 
ences he proposed to organize among 
fruit growers and representatives of 
various departments of His Maijesty’s 
Government. The Dean’s eyes began to 
glaze as he talked, and he became un- 
aware that anybody else was in the 
room. Newton had an important com- 
mittee meeting at that time, so he 
quietly went out the door, leaving the 
Dean of Research in an ecstasy of 
planning. 

The seasons passed, while Newton 
led a busy, useful life as a member of 
many committees and chairman of 
some. One dark winter’s day he was 
called again to the office of the Dean of 
Research. The Dean was beaming; he 
proudly explained to Newton all about 
the new contract he had obtained to 
study the relationship between breed, 


quality, and rate of fall of all the vari 
eties of fruit that grow above the ground 
The project was to be supported by nx 
less than five different branches of Hi 
Majesty's Government plus a syndicat« 
of seven large fruit growers. Newton's 
part in the project was to be small but 
important: he was to direct the Sub 
project for Apples. 

The following weeks were busy ones 
for Newton. Though relieved from his 
committee work (a young instructor of 
Greek, Latin, history, and manual train- 
ing took his place on the committees), 
he found himself cast into a morass of 
administrative problems: forms to be 
filled out for the governmental depart- 
ments, for the fruit growers, for the 
Dean of Research, for the Assistant 
Dean of Research, and for the financial 
office of the college; prospective research 
assistants to be interviewed and hired; 
office and laboratory space to be wangled 
from other projects on the campus. The 
wide abilities of our great genius are 
fully demonstrated by the way he 
piloted his subproject during its first 
formative weeks. He personally filled 
out 7,852 forms, often in quintuplicate 
and sextuplicate; he interviewed 306 
milkmaids and hired 110 of them as 
technical assistants. With his own 
hands he cleaned out an abandoned 
dungeon in a nearby castle for use as 
subproject headquarters; and, turning 
carpenter in typically versatile fashion, 
he erected twelve temporary buildings 
to house his staff. These buildings, used 
today as classrooms, stand as a monu- 
ment to Newton's career. 

Soon the subproject was fully imple- 
mented, documented, and regimented. 
Newton was not quite sure what his 
reconverted milkmaids could do for his 
hypothesis (he was a lifelong bachelor 
and hence not well acquainted with the 
ways of women), but he abhorred the 
thought of idleness in his staff. So he 
divided them into six teams, each of 
which was to measure and tabulate the 
rate of fall of one variety of apple, 
using sufficient apples to establish a 
statistically significant result. All went 
well except with the winesap team, who 
discovered a new way of making apple- 
jack, and consequently ran short of 
apples. Newton made a note of their 
recipe, wisely comprehending long be- 
fore his fellow scientists the advantages 
of serendipity, or finding good things 
while looking for other things. 

This period of his life was a happy 
and profitable one for Newton. From 
the time he arose in the morning until, 
exhausted with honest labor, he drop- 
ped late at night back into his humble 
bed of straw, he spent each day filling 
out payroll forms for his milkmaids, 
ordering pens and paper, answering the 
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questions of the financial office, and 
showing distinguished visitors and the 
Dean of Research around his subpro- 
ject. Often he discussed the past, pres- 
ent, and future work of his project with 
representatives of the five governmental 
departments and seven fruit growers 
who had been sent to check on his prog- 
ress. He was frequently invited to give 
progress reports in person at the central 
offices of these twelve sponsors. Each 
week he wrote out a full progress report 
which was duplicated and sent by spe- 
cial messenger to 3,388 other projects 
sponsored by His Majesty’s Government 
throughout the British Isles. 

One of these remarkable documents, 
in an excellent state of preservation, can 
be found in the Museum of the Horti- 
cultural Society of Western Wales, in 
the village of Merthyr Tydfil. In typi- 
cally logical style, the report, bound in 
a dark red stiff cover bearing the proj- 
ect number, HM2wr3801-g-(293), 
stamped in gold leaf, opens with a suc- 
cinct table of contents: 


. Administration 

. Conferences 

. Correspondence 

. Supplies 

. Results of research 


Mh wr = 


The last section, “Results of re- 
search,” may have been lost during the 
intervening years, or it may not have 
been specifically required under the 
terms of His Majesty's contracts of that 
era. At any rate it is not there. But the 
other sections remain to gladden the 
hearts of those permitted to read them. 
Is it too much to hope that this report 
can be published and distributed among 
our young scientists in America? Such 
a precept should accomplish miracles 
for the morale and spirit of our neo- 
geniuses. 

One day in 1685 Newton's precise 
schedule was interrupted through no 
fault of his own. He had set aside a Tues- 
day afternoon to receive a committee 
of vice presidents of the fruit growing 
syndicate when, much to his horror and 
Britain's deep sorrow, the news spread 
that the whole committee had been de- 
stroyed in a three-stagecoach smashup. 
As once before, Newton found himself 
with a hiatus. He took a leisurely walk 
through the luscious vineyards of the 
Subproject on Grapes, but not, of course, 
until he had obtained security clearance 
at the gate. While on this walk there 
came to him, he knew not how (“Ye 
thought just burst upon me,” he later 
wrote ), a new and revolutionary mathe- 
matical approach which, in less time 
than it takes to tell about it, could be 
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used to solve the problems of attraction 
in the neighborhood of a large sphere. 
Newton realized that the solution to this 
problem provided one of the most exact- 
ing tests of his hypothesis; and further- 
more, he knew, without need of pen 
and paper to demonstrate the fact to 
himself, that the solution fully sup- 
ported his hypothesis. We can well 
imagine his elation at this brilliant dis- 
covery; but we must not overlook his 
essential humility, which led him forth- 
with to kneel and offer thanks to the 
King for having made the discovery 
possible. 

On his return from this walk, New‘ 
ton stopped a moment to browse in a 
bookstore, where he accidentally 
knocked a book to the floor. With apolo- 
gies to the proprietor, who seemed in a 
mood to toss him out upon his ear, New- 
ton retrieved the book and dusted it 
off. It was Norwood’s Sea-Mans Prac- 
tice, dated 1636. Opening the book at 
random, Newton found it contained the 
exact information on the length of a 
latitude degree that he required for the 
complete test of his hypothesis. Almost 
instantaneously, one part of his brain 
performed several lightning calculations 
and presented the result for the other 
part to examine; and there it was: the 
proof complete and irrefutable. Newton 
glanced at the hourglass in the shop- 
keeper's window and with a start re- 
membered that he was due back at the 
dungeon to sign the milkmaid’s time 
slips as they checked out for the day. He 
hurried out of the bookshop with the 
book under his arm, forgetting in his 
zeal that he had not paid for it. 

Thus it was that His Majesty's Gov- 
ernment supported and encouraged 
Newton during the trying years in 
which he was putting his hypothesis 
to the test. Let us not dally with the 
story of Newton’s efforts to publish his 
proof, the misunderstanding with the 
editor of the Horticultural Journal, the 
rejections by the editors of The Back- 
yard Astronomer and Physics for the 
Housewife. Suffice it to say that Newton 
founded his own journal in order to 
make sure that his proof would be pub- 
lished without invalidating alterations. 
Regrettably, he named his journal Star 
and Planet, with the result that he was 
branded a subversive since Star could 
mean Red Star and Planet could mean 
Plan-It. Newton's subsequent testimony 
before the Subcommittee for Suppres- 
sion of Non-British Ideas remains as a 
convincing demonstration of the great 
qualities that combined to make him a 
genius. Eventually he was exonerated, 
and after enjoying many years of the 
fame that was due him, reigning one 
day each year as King of the Apple 
Festival, Newton died happily. 
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A constant speed motor driving a cam 
shaft mechanism for switch actuation 
constitutes one of the most versatile 
electromechanical systems for the tim- 
ing of events. Basic accuracy depends 
primarily on the motor, as discussed 
in a previous installment of this series. 
For reasonably long periods, more 
than 10 seconds say, accuracy will 
depend on the constancy of motor 
speed as line voltage, frequency (in 
ac systems) temperature loading, and 
other operating conditions change. Ac- 
curacies to a small fraction of a per- 
cent can usually be achieved where 
required. For initial intervals in the 
order of several seconds, the time 
necessary for motor acceleration may 
become an important factor. Motor 
driven timers are not recommended 
for accurate timing where motor ac- 
celeration time is a significant portion 
of the timing interval. 

For extremely long timing intervals 
(hours, days, or even weeks) motor 
driven timers are ideal. All that is 
required is a sufficiently large gear 
reduction from motor to output shaft. 
An ordinary electric clock will drive 
its hour hand at a rate of 2 revolu- 
tions every 24 hours (and incidently, 
at very high accuracies). Although 
enormous gear ratios are involved, the 
gearing is generally required to exert 
very light torques, and because of the 
uni-directional character of the drive, 
backlash is probably not an important 
consideration. Except in military ap- 
plications, the cheapest grades of gear- 
ing are usually satisfactory. 


OUTPUT MECHANISMS 


At the output shaft the most com- 
mon indication is the actuation of con- 
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“PART III 


trol switches by cam-like mechanisms. 
The variety of such mechanisms is 
enormous, depending upon such 
factors as the complexity of the switch- 
ing circuits, the need for compactness, 
and many other special considerations. 
In a simple arrangement a conven- 
tional plate cam may actuate a limit 
switch. In more complex systems a 
large drum with pin inserts may pro- 
gram a series of events. In all cases, 
additional relays may be used in as- 
sociation with the direct output to 
initiate more complex events. 

It is usually desirable to use snap- 
acting switches rather than those types 
where contact is established gradually 
at a rate corresponding to the shaft 
output speed. In particular, where a 
slowly rotating output shaft must 
cause a heavy power circuit to be 
closed, a gradually closing (or open- 
ing) contact can lead to arcing and 
contact destruction. This also may be 
a consideration where the contacting 
mechanism consists of an arrangement 
of a printed circuit board and brushes. 
Current ratings in this type of circuit 
must be substantially reduced below 
those values which could be tolerated 
in snap-action type switching. 

Snap acting switches used in con- 
junction with a timer are best set on 
a trial and error basis. The precise 
switching point is somewhat indefinite, 
and is not accurately known strictly on 
the basis of switch geometry. Further 
limitations are inherent in the cam 
geometry. Wear of cam or limit switch 
surfaces introduces further errors. It 
is not wise to rely on a repeatability 
of better than several thousandths in 
estimating timing accuracy. Further 
geometric shifts may result from 
changes in the switch operating point 
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with such factors as contact wear, or 
operating temperature. These factors 
must be reviewed in consultation with 
the switch manufacturer. 

There are many practical variations 
on the basic system described above. 
Where trial and error adjustment of 
the switch actuation point is required, 
it is desirable to be able to decouple 
the gear train from the output mech- 
anism so that it is not necessary to 
drive the gear train backwards which 
is generally a bad practice. A zeroing 
adjustment may be provided for set- 
ting up the reference point when gear 
train and mechanism have been re- 
coupled. Dials may be provided to 
facilitate the actual setting up of op- 
erating points. 


TIMING CYCLES 


Depending upon the use to which 
the timer may be put, there are vari- 
ous means of starting the cycle, repeat- 
ing the cycle, etc. Consider again the 
simple motor-driven switching mech- 
anism. When this is energized the 
cycle will be started. If at any time 
during the cycle, power is interrupted, 
the timer will simply stop and remain 
at its location at the time of the in- 
terruption. Restoration of power leads 
to a continuation of the timing cycle. 

At the conclusion of the timing 
cycle, there are many possibilities. The 
motor may simply continue to rotate 
and repeat the sequence. Or it may 
disconnect itself as the very last 
switching event in the sequence. In 
this instance, starting up the cycle may 
be readily accomplished by a simple 
pushbutton actuation which tempo- 
rarily by-passes the disconnect, or by 
any of a great variety of simple me- 
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chanical or electromechanical resetting 
mechanisms. 

It may be desirable to provide a 
nearly instantaneous reset on com- 
mand. One way of accomplishing this 
would be to incorporate a clutching 
mechanism between gearhead output 
shaft and the switching mechanism. 
A restoring spring on the switching 
mechanism would exert a force so di- 
rected as to drive the switching mech- 
anism directly to zero in the absence 
of the gear train drive. If the coupling 
clutch were magnetically actuated to 
provide positive coupling when ener- 
gized, then the timing sequence could 
be easily reset to zero by a momentary 
interruption of the clutch energizing 
current. If desired this reset function 
could be carried out automatically by 
means of the last switching event of 
the timing sequence. Power failure 
would automatically restore the zero 
point. If a normally coupled clutch 
which becomes decoupled upon dis- 
connecting power were employed, 
other possible timing events could be 
brought about. 


COMPLEX DEVICES 


Several output shafts rotating at dif- 
ferent speeds to increase the flexibility 
of setting up timing events could be 
provided. Independent timing motor 
drives might be interconnected. For 
example, if it is desired that an event 
occur precisely one minute after an 
initial event which itself had been de- 
layed say four hours, then the four- 
hour timing event could result in the 
actuation of a faster timer which de- 
livered high accuracy for timing in- 
tervals measured in minutes. 

Actually the variety of timing mech- 
anisms and systems is so great that it 
is impossible to cover them all in a 
reasonably compact presentation. The 
system designer must cooperate with 
the timing manufacturer in choosing 
the best “combinations” for solving his 
problem. 

A. W. Haydon recommends that a 
complete problem statement, sub- 
mitted to the manufacturer, should in- 
clude: a description of the application, 
circuit diagram, and chronological se- 
quence of events which are to occur. 
The method of initiating timer opera- 
tion should be described, as for in- 
stance, — momentary contact closure 
of a relay or switch. Environmental 
conditions should be listed together 
with voltage range and any special 
requirements which might influence 
timer design. 
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Fig 1 Series 2400 Multi-circuit cam timer from Automatic Timing & 
Controls. Powered with a synchronous motor, the timer is rated for 
operation from 110 or 220 volts, ac. (other voltages available). Motor 
drives a cam-shaft thru a gear train designed to rotate the shaft at a 
desired rate. Precision-cut split cams, mounted on the shaft, may be 
adjusted to actuate either silver or mercury control circuit contacts. All 
wiring is accommodated on clearly marked screw-post terminal block. 
Telechron motor lubricated for life; shaft bearings Oilite, ne lubrication 
required. All parts are easily accessible. 


The tendency to modular break- 
down of the basic ingredients (motor, 
gearing, and switching mechanism) 
and even the sub-components such as 
switches and clutches, makes it rela- 
tively easy to put together special 
purpose variations. 

The following section presents de- 
tailed descriptions of commercially 
available motor-driven timers. Units 
were chosen to illustrate variations of 
types available and are not intended 
to cover the field. 


Automatic Timing & Controls 


Multi-circuit cam timers, from Auto- 
matic Timing & Controls, King of 
Prussia, Pa., offer a simple means for 
accurately controlling the sequence 
and duration of one or a series of in- 
dividually timed operations. Any num- 
ber of load circuits may be controlled; 
the time for total cycle may be simply 
altered; duration of “made” and 
“broken” periods as well as sequence 
of each operation may be easily 
changed. 

Built from standard parts, the Series 
2400 flexible timer, shown in Fig 1, 
may be specified by the user in exact 
accordance with operating require- 
ments for specific applications. By 
using various motors, time cycles from 
24 of a second to 7 or more days are 
available. Precision cut cams can be 
adjusted to actuate either silver or 
mercury control circuit contacts. 

Four basic operating characteristics 
of ATC’s Series 2400 timer are: 
® Repeat cycle — timer runs continu- 
ously until power is interrupted. 
® Stop cycle — timer motor connected 
in series with cam operated switch so 
that upon closing of external start 
switch for 1% of total cycle, the timer 
runs through one shaft revolution and 
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Fig 2 Automatic Timing & Control’s 309 
interval timer automatically resets by 
pushbutton. 


stops. 

® Long cycle — similar to stop cycle, 
except miniature relay permits stop 
cycle operation from a momentary 
start signal; eliminates need for hold- 
ing starting contact closed. 

® Brake — stop cycle with a dynamic 
braking system to ensure quick stop- 
ping without coasting or fast time 
cycles. 

One special model of Series 2400 
timers incorporates poppet valves, 
rather than electrical contacts, for 
pneumatic control of diaphragm 
valves, air cylinders or air relays. Re- 
peat accuracy is 4 of 1%. 

Featuring a built-in pushbutton for 
starting automatically timed control of 
electrical circuits, ATC’s Series 309 
Dial Timer, for industrial process, 
laboratory and machine automation, is 
a synchronous motor-driven unit for 
control of ac or de loads within vari- 
able timed intervals or sequences. 
Unit is shown in Fig 2. 

Setting desired cycle time is made 


easy by large knurled knob. Upon 





Fig 3  Bendix-Pacific’s universal timer 
incorporates a dc motor driving a gear 
train which operates rotating cams and 
limit switches or printed circuit wafer 
switches. Motor operates on 28 vde — 15 
watts — accuracy to within 1% with 
voltage regulation; 5% without. Unit 
weighs approx. 8 oz. including motor, 
gear train and one timing module. 


completion of timed cycle, timer auto- 
matically shuts off and resets. Opera- 
tion is repeated by simply pushing the 
button. On power interruption, timer 
does not reset; indicating pointer re- 
mains in position. Upon power re- 
sumption unit resumes timing out bal- 
ance of preset time cycle. 

Automatic Timing and Controls Co. 
makes a complete line of timing de- 
vices. Their instruments are construct- 
ed so they can be integrated with 
their control devices for compact sys- 
tems design. 


Bendix-Pacific 


Driven by special constant speed 
motors, a universal timer (Fig 3), by 
Bendix-Pacific, No. Hollywood, Calif., 
incorporates a modular gear construc- 
tion permitting gear selections which 
are applicable to practically any tim- 
ing range. Designs are available which 
vary from simple time-delays of a few 
seconds to extremely complex se- 
quencing devices having total cycle 
times of several hours. 

Gear train can be supplied with 
dual output shafts, rotating at any 
desired speed ratio. These outputs can 
then be used either independently or 
interacting to provide reliable me- 
chanical control of one circuit over 
another. Many _ standard _ timing 
modules are available, including wafer 
switches, snap switches, variable in- 
ductors, capacitors or resistors, print- 
ed circuits or combinations of these. 

Small reliable reset clutches can also 
be provided for automatic or manual 
resetting of a portion or the total cycle 
time. These clutches are sometimes 
also used to vary the speed or mode 
of operation. 

Accuracy and repeatability of the 
time delay can be held to approx. 1% 
through a fairly wide temperature 
change and line voltage variations. 
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Fig 4 Specifications for Bristol Motors’ 
TDR-100 time delay relays include: time 
setting — from 15 sec. to 3 months full 
scale, based on 270° full scale setting; 
reset — instantaneous and well under 
1/5 sec.; size — 3” long and 214” diam. 
(approx.); rating — non-inductive load 
of 10 amp and a 5 amp inductive load; 
voltage—115 volts ac, 60 cycle standard. 


Bowmar Instrument 


Subminiature, hermetically-sealed, 
elapsed time indicator, by Bowmar 
Instrument Corp., Fort Wayne, Ind., 
provides continuous digital readings 
from 0000 to 9999 hours, with return 
to 0000, in increments of one hour. 
You can read it instantly, easily and 
reliably from a distance of up to 6 
feet. Size of the unit is 0.670 inches 
in diameter (nominal) and _ 1.680 
inches in length (max.) Weight is 
approx. 1.8 oz. Environmental re- 
quirements of Mil-M-26550A (USAF) 


are met. 
Bristol Motors 


For general timing applications re- 





Fig 5 Bristol Motors’ repeat cycle timer 
contains enclosed snap action switches 
with solder terminals. Size is 214” wide, 
3” high, 144” long plus about 11/16” 
for each switch. 
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Fig 6 Counter & Control Corp’s adjustable program timer for continuous cycling. 


Units may have any time cycle up to 6624 minutes, max. 


Range brackets are 


specified in 100-second increments. Overall time cycle settings may be adjusted 
in 1 second increments from 0 to 14 max. range, and in 2 second increments from 


14 to max. range. 


Intermediate switching events can be preset at any points 


throughout the full range in l-second increments. Number of intermediate switching 
events is limited only by the length of the time cycle setting; the maximum would 
be 1 per second. On a 60 cycle line, switching accuracy can be held within plus 
or minus 1/10 second. Any switching program is recycled automatically and 
indefinitely without pause or skip between cycles. 


quiring the instantaneous reset-type of 
action, Bristol Motors’, Old Saybrook, 
Conn., time delay relays are a com- 
bination of their standard motor, 
a solenoid-operated differential-type 
clutch, and enclosed  snap-action 
switches. The unit is shown in Fig 4. 
Better than 1,000,000 cycles may be 
expected. Quick reset time is well 
under 1/5 second with a high repeat 
accuracy of better than 1% of full 
scale. 

Bristol’s repeat cycle timer shown 
in Fig 5, is a multi-contact unit used 
where repeat accuracy is required. 
Speed ranges from 1 revolution per 
sec. to 1 rev. per month, with stand- 
ard, high torque or reversible motors. 
Wide variety of cams and switch com- 
binations are available. 

The basic precision timers made by 
Bristol can be modified, expanded or 
combined to meet many timing re- 
quirements. Bristol also produces 
special timers to individual specs. 


Counter and Control 


By applying a synchronous motor 
drive to its Programonitor, the Counter 
and Control Corp., Milw., Wisc., is 
able to offer a repeat cycle program 
timer with unusual range, flexibility 
and a fine degree of adjustment. As 
normally used, the Programonitor is a 
recycling, circuit-controlling counter 
which responds to mechanical or elec- 
trical inputs of variable speed. With a 
constant speed drive, as illustrated in 
Fig 6, it becomes a timer. 

This arrangement permits the pro- 
gramming and recycling of complex 
switching patterns with respect to a 


time base. Although the unit features 
positive, automatic recycling, it does 
not sacrifice selection and adjustment 
of range settings. The overall time 
cycle is adjustable over the entire 
range of the unit. The accuracy of 
any intermediate switching points se- 
lected is unaffected by the length of 
the overall time cycle or their position 
in the cycle. 


Cramer Controls 


Equally applicable as a remotely 
A B C D E 





Fig 7 Cramer Controls’ Type 412 auto- 
matic reset interval timer also used as 
a time delay relay. A. Reset spring, 
30 inches long, wound on large diameter 
drum. Pre-loaded semi-rigid design ab- 
sorbs reset shock and returns to exact 
position after each operation. B. Posi- 
tive ratchet clutch has 60 gear teeth, 
firmly meshed by powerful solenoid. C. 
Extra-heavy, open-blade silver-cadmium- 
oxide contacts handle high inrush cur- 
rents. D. Permanent magnet motor pro- 
vides instant start, synchronous operation 
with no coasting on removal of power. 
E. Rugged barrier-type terminals allow 
connections from either front or side. 
Repeat accuracy of the timer is within 
4 of 1% full scale on 30 second and 
longer ranges. 
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Fig 8 In Cramer Controls’ Type 271 
interval timer, the cam mechanism in- 
corporates a spring loaded reversing pawl 
that provides ‘drop-off’ (1) for fast con- 
tact transfer at end of cycle, and allows 
gradual rise (2) for setting operation. 


controlled, automatic reset interval 
timer and as a time delay relay, 
Cramer Controls’ Type 412 unit offers 
great flexibility. Common uses include 
the control of machine tools, batch 
processes, heat treating and automatic 
mixing equipment. 

Type 412, illustrated in Fig 7, is 
a panel mounted instrument with full 
scale adjustability. Rotating the fric- 
tion setting knob locates both pointers 
—to any point on the dial. Three 
contact arrangements are available, 
the choice determined by the desired 
position of the load switch in the 
before-during-after timing conditions. 
Each of the three mechanisms can be 
controlled from either a momentary or 
sustained external contact. 

Reset may be either automatic on 
completion of timing, or delayed until 
the starting impulse for the next op- 
eration is received. Cramer’s Type 
422 is similar to Type 412, except for 
“reverse-clutch” action. In Type 422, 
the clutch coil is energized only dur- 
ing reset. Timing is initiated by closing 
the clutch circuit momentarily (1% 
sec). Power interruption simply 
causes Type 422 to suspend operation 
and continue timing when the circuit 
is restored. 

Cramer’s Type 742 Duplex consists 
of two standard 412 timers, in series 
in a common housing, to provide 
widely different intervals. Each timer 
is independently adjustable — controls 
its own load, then automatically ener- 
gizes the other timer. Range is 60 
combinations from 6 seconds to 24 
hours. 
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HIGH-ACCURACY 
PRECISE ANGLE INDICATOR 


NEW KEARFOTT UNIT ACCURATE TO +6 MINUTES 


The new CO 2721011 Precise Angle Indicator features an 
accuracy of +6 minutes. Latest addition to the Kearfott 
line of standard test equipment, the unit is designed to 
meet a wide range of applications. Typical Applications 
* Indication of gyro angle of pitch, roll, or yaw and relaying 
of signal to any preselected impedance or voltage level. 
* Indication of shaft position of remote synchro or resolver, 
and transmission of this information to any impedance or 
voltage level. - Display of difference between two shafts 
when driven by transmitter and differential synchros. 





In addition to high accuracy the instrument combines a 
number of other prominent advantages: it requires only a 
single power source; it has good sensitivity; it is designed 
for modular application; and it offers direct automatic read- 
out. The unit is of extremely compact construction and is 
built for maximal ease of maintenance. 


The low-cost CO 2721011 Precise Angle Indicator is avail- 
able with a single sensor, auxiliary dual-input sensor, or an 
auxiliary retransmitter. For additional information on this 
new test instrument, write for the brochure which describes 
its operation and capabilities in detail. 


SPECIFICATIONS 


Repeatability +1.2 min Slewing Speed 7 sec/180 
Readability 0.5 min Power (single source) 115 v, 1g, 400 cps 
Input Power 30 va Size 1% x 9% x 9% in. 


Sensitivity 1.0 min Weight 4 Ibs. 


Write for complete data 
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DOT UNIPLANE SWITCH CUTS COST 50-75%, 


@ Monoplanar Switching Ucinite’s 
exclusive technique replaces bulky, 
multi-pole switch, component board 
and interconnecting harness with 
compact, accessible assembly for 
rapid, error-free, low-cost wiring. 


@ Saves Time and Money, En- 
hances Reliability All wiring and 
assembly is done on single printed 
board. Switch patterns are in plain 
view. Components are dropped into 
position and soldered in. In typical 
applications, 75% savings are ac- 
complished by reducing labor, mate- 
rials test-time, rejects, repairs. 
Solder joints typically reduced by 
65%, for much higher reliability. 
Patented DOT UNIPLANE low- 
torque design eliminates many 
sources of rotary switch failure. 


@ Creates Additional Degree of 
Freedom Space savings of 30% to 
80% plus the flexibility of orienta- 
tion possible with Ucinite’s exclusive 
3-axis drive assembly, create a new 
degree of freedom in layout, often 
permit utilization of “waste space’. 


@ Convenient Standard Kits Basic 
UNIPLANE parts are available in 
an inexpensive kit from which over 
1000 different combinations of poles, 
positions, drive-axes and mounting 
surfaces can be assembled. In pro- 
duction selected kit-parts are fac- 
tory-assembled by Ucinite at addi- 
tional savings. 


@ Custom Designs Ucinite designs 
custom UNIPLANE assemblies 
with printed interconnections, spe- 
cial test points, edge connectors, 
etc., to your specifications. 

Write Dept. EMD-1 or use Reader 
Service Card. 


Application-engineered, standard 
electronics products: Printed Circutt 
Test Jacks e Printed Circuit Con- 
nectors « Monoplanar Switches e 
Printed Circuit Guide Channels, 
Polarizing Plugs and Keys e MIL 
STD and Commercial Jacks, Plugs, 
Switches e Molded Rotary Switches 
e Shock and Vibration Mounts e 
Magnetron Connectors e Anode Con- 
nectors and Grid Caps. 


The 


DOT UCINITE COMPANY 
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Newtonville 60, Mas 
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COMPONENTS & 
a DIGEST 


Designed primarily for built-in ap- 
plications, Cramer’s Type 271 is a low 
cost, compact, manually set interval 
timer. High torque motor (30 inch 
ounces at 1 rpm) assures instant start- 
ing. Overall accuracy is within 4% 
of full scale, exclusive of human set- 
ting error. Large, precision-cut Bake- 
lite cams incorporate a spring-loaded 
reversing pawl, illustrated in Fig 8, 
for snappy response. 

Cramer Controls, located in Center- 
brook, Conn., also makes a full line 
of hermetically sealed timers that meet 
stringent Mil specs. Expected mini- 
mum life of the ac units is 10,000 
hours or 50,000 operations. 





Fig 9 Precision program timer for space 
vehicles from Designers for Industry, 
Inc. Test units are still performing with- 
out failure after 5,000 hours’ operation. 


Designers for Industry 


A precision program timer for space 
vehicles is made by Designers for In- 
dustry, Inc., Cleveland, Ohio. The 
unit, shown in Fig 9, is fully qualified 
to Mil specs without deviation. Pro- 
gram is stored on a punched steel 
tape—only short perforations are 
necessary — one turns a circuit on, 
another turns it off. Unit is accurate 
to +1/100 second over spans up to 
15 minutes with longer spans avail- 
able. 

Approximately 25 watts maximum 
power from 28 volt battery source, 
with all relays energized, is required. 
Time accuracy is controlled by a tem- 
perature-stabilized 25.6 KC crystal 
oscillator, output of which is divided 
to 400 cycles, then amplified by power 
transistors to drive a synchronous gear 
motor. This specially designed rever- 
sible gear motor with integral clutch 
brake drives a stainless steel tape 
which has a number of information 
channels for pitch command — tele- 
metering and control of other unique 
functions. 


ELECTROMECHANICAL DESIGN 











Fig 
time 
and 
Bea 


swi 


Sis 
the 
sp 
ste 
ch 
(I 
wl 
sil 
th 
sil 
in 


in ap- 
a low 
iterval 
) inch 
Start- 
1 Ig 
n set- 
Bake- 
vaded 
‘ig 8, 


onter- 
| line 
meet 
mini- 
),000 





race 
stry, 
vith- 
ion. 


ace 
In- 
The 
ied 
ro- 
eel 
are 
on, 
ite 
to 
il- 











Fig 10 Eagle Signal Co.’s bead chain 
timer in which the cam was removed 
and replaced with a drive sprocket. 
Beads on a stainless steel chain actuate 
switch at desired time. 


Eagle Signal 


In their bead chain timer, Eagle 
Signal Co., Moline, Ill., has removed 
the cam and replaced it with a drive 
sprocket, in which an endless stainless 
steel bead chain (not unlike the key 
chain in your pocket) is advanced 
(Fig 10). To establish the cam action 
which actuates the switch at the de- 
sired time, large beads are applied to 
the chain. These beads may be applied 
singly to give a momentary closure or 
in groups to produce a sustained clo- 
sure. Varicolored beads are used for 
coding. There is virtually no limit, 
according to the company, to the 
length of chain or timing ranges. 

The company says that this seem- 
ingly elementary idea has solved prob- 
lems that could only be solved pre- 
viously with complex expensive equip- 
ment. For example, by applying a 
“Digimotor” as a solenoid drive mech- 
anism to replace the synchronous 
motor, an omitter or interrupter is 
established. Such a mechanism has 
already been produced which will 
omit any complete day or days from 
an otherwise uninterrupted yearly 
programmed schedule. The bead 
chain timer is not yet an entirely 
standardized and catalogued item; it 
is available, at this time, on a semi- 
custom basis. 


Elgin Micronics 


For high shock and high altitude 
applications where weight, size and 
power draw are critical factors, Elgin’s 
Model 16B, direct current elapsed 
time indicator weighs less than 134 
ounces, is 0.680” in diameter by 2.02” 
long, and draws less than 60 milliwatts 
of power. Tested in accordance with 
Mil-M-26550 and MS-24534, units are 
ruggedly constructed with solid state 
circuitry. With the exact life data 
provided by Elgin, teardowns and re- 
placement schedules can be based on 
real rather than estimated needs. 
Specifications for the 16B_ include: 
accuracy, 5%; electrical rating, 28 
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SPECIAL PURPOSE 
PRECISION BEARINGS 
FROM KEARFOTT 


Highest quality, special purpose precision bearings are now 
available from Kearfott Division, General Precision, Inc. for 
military and industrial applications requiring utmost reliability, 
accuracy and stable performance. Over 10 years of research, 
testing and development have gone into the production of these 
outstandingly reliable, precision bearings. 


Designed to meet the most exacting systems standards, these 
special purpose precision bearings have more than passed the 
test of time, delivering long life performance for Kearfott gyros, 
instruments and other critical airborne equipment. Engineering 
and technical excellence derived from long experience enables 
Kearfott to ensure delivery of bearings that provide unsurpassed 
qualities of roundness, concentricity, curvatures, finish, dimen- 
sions and functional tolerance. 













Special purpose, high precision bearings from 0.3125 to 4.5 
inches O.D. are now ready for production delivery in a wide 
range of application types including— 


@ SEPARABLE TYPE BEARINGS for gyro spin axes 
m@ STABLE PLATFORM GIMBALS 
m GYRO PRECESSION AXES 


@ OTHER SPECIALIZED, HIGH PRECISION 
bearing applications 
















Write for complete data 
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RUGGED 


Elapsed Time Indicators 











BY ELGIN MICRONICS 


This unusual photograph (taken just before Bernard 
Butterfingers left our shipping room) shows an Elgin 
Micronics ET! passing the old random sample bounce 
test. We test against MIL-M-26550 now and surpass 
the shock and vibration requirements very easily. After 
all, a 20G, 11ms shock is just a love pat compared to an 
umpteen G bounce. You'll find Elgin Micronics ETl's 
surprisingly small and light too, despite their rugged 
construction—just right for aircraft and missile equip- 
ment. Digital or dial read-out models, AC or DC, are 
available. Write today for specs—ask for bulletin ETI 1. 


ELGINGAMICRONICS 


DIVISION OF ELGIN NATIONAL WATCH COMPANY 366 Biuff City Bivd., Elgin, iinois 
Plants in Elgin and Rolling Meadows, Illinois and Chatsworth , California 


Represented nationally by Airsupply-Aero Engineering Company, a division of The Garrett Corporation ; 
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COMPONENTS 








Fig 11 Settable interval timer by Globe 
Industries. Package is 2.265” diameter 
by 6.205” long and weighs less than 
2 Ibs. 


vde, 0.075 ampere-peak from 5 ohm 
impedance power supply; and radio 
interference, Mil-1-26600. _ Digital 
readout gives 1,000 hours in 0.1 hour 
increments or 10,000 hours in 1 hour 
increments. 


Globe Industries 


Globe places their emphasis on mili- 
tary timers; all of their units are cus- 
tom designed to customers’ specs and 
performance requirements. One of 
their basic types is a settable interval 
timer which is standard for the LABS 
(Low Altitude Bombing System) pro- 
gram and provides settings from 0 to 
30.0 seconds in 0.2 or 0.1 second in- 
crements, by hand turning of a de- 
tented knob, with or without digital 
readout. The LABS timer, shown in 
Fig 11, operates on 28 vde and pro- 
vides accuracy of +1% of the set in- 
terval, or 0.1 second, whichever is 
greater. The unusual feature of this 
timer is the fact that it uses a 7%” 
diameter motor driving through a me- 
chanical escapement with a drive ac- 
curacy of better than +0.5%. The 
timer switches handle 5 amp. resistive 
loads. 

For applications in which only de 
power is available, Globe has an elec- 
tronically governed timer which uses 
a de synchronous motor system de- 
veloped by Globe. Timing accuracies 
of +0.01% or better are achieved. The 
electronic motor control package alone 
is 5” cubed and weighs a maximum of 
5 ounces. It may be applied in timers 
in conjunction with any Globe dec per- 
manent magnet motor. 

Globe also makes ac and dc timers 
for many functions. AC timers are 
limited in accuracy only by the control 
frequency accuracy. Mechanically 
governed dc timers are routinely with- 
in +3% accuracy. Both types can in- 


ELECTROMECHANICAL DESIGN 
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clude a number of switching and 
follow-up functions to individual re- 
quirements. Globe Industries is  lo- 
cated in Dayton, Ohio. 


A. W. Haydon 


Miniature, hermetically sealed re- 
peat cycle timers, by A. W. Haydon, | 
Waterbury, Conn. consist essentially | 
of a motor turning a cam shaft which | 
actuates one or more switches in a | 
predetermined sequence and repeats | 
continuously. Where only one cycle | 
is required per operation, the motor 
can be wired through one of the | pe —————— . 
switches, and thus stopped at the end | “-_ cuial ec a Siam ae 








of the cycle. 


Timing accuracy involves two fac- | 
obe tors: the cycling time of the cam | 0 1% LINEAR 
eter shaft and individual cutting and set- | « 0 
han | ting of the cams. Cycling time ac- | 
| curacy is dependent on the motor only | OUTPUT OVER 
and can be influenced by choice of | 





| 
hm | 
dio | motor based upon voltage (and fre- | , 
ital | quency) range and other factors such ; EMPERA] URE RANGE 
pur as ambient temperature range which | 


our might cause speed variation. 
Standard de motors are normally SIZE 11 WT TACHOMETERS 

specified where cycling times within 

+10% at rated voltage and tempera- | 


ture are required. Governed de motors These Kearfott DC tachometers are unusually durable and 


specifically designed to provide reliable service over a 


ili- 

1s- long life. R9608-001 is an uncompensated unit ideally 
nd catia suited to function as a stabilizing element in a standard 
of | Sato we DC servomechanism. The R9608-002 model offers the pre- 
al La | cision required in computing applications and is tempera- 

















3S 
i f ture compensated to maintain its high accuracy over the 
to é temperature range of —15°C to +71°C, with variations 
n- | Fig 12 A. W. Haydon’s motor driven of no more than .1% of values specified at 25°C. 
e- time delay relay. Accurate timing with 
al precision timing motor in conjunction 
in with stepless clutch drive which reduces 
D- errors to an extremely low value. | 
z R9608-001 R9608-002 
is are used where cycling time must be | ons a Pe pn 2 
is held within +0.1% over wide voltage Rated Speed 
_ variations. AC units are specified | (rpm) 3600 5000 
2 where power is available to operate | TYPICAL Linearity 
- synchronous motors. This, of course, | (% to 3600 rpm) .07 Jj 
e has the advantage of providing an ELECTRICAL Winding Resis- 
e accuracy dependent only upon the DATA tance (ohms) 125 
regulation of the line frequency. Output Impedance 
Cc The accuracy with which cams can _ | (ohms) pe 6 
- be cut and set for a given sequence | — “ao 2600 rpm 
S depends to a great degree upon the | 
- number of cams involved, but is | Friction Torque 
S nominally specified as +6° angular for | TYPICAL (in. 02.) 0.25 0.25 
2 the setting of each drop in the cam. | MECHANICAL wef Moment 
, This angular tolerance can be con- | Soreart 
f verted into terms of time and this, | DATA Weight (oz.) 
together with the tolerance on cycling | 
time, will set up the timing tolerance | Write for complete data 
for the unit. 
Up to 10 switches can be incorpo- KEARFOTT DIVISION 
rated into A. W. Haydon’s repeat D GENERAL PRECISION, INC. 
cycle timers. Inter-cam-shaft reduc- | 
tions can be provided to allow several | Little Falls, New Jersey 


/ cam shaft speeds. One way ratchet 
: drives are installed in the de motors to | 
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The all-new, 


all solid-state 


Philbrick 
P2 amplifier 


NO TUBES, NO CHOPPERS, NOTH- 


ING BUT PERFORMANCE. An 
ingenious arrangement of all 
solid-state components endows 
this operational amplifier with 
the most remarkable and ver- 
satile characteristics. But let’s 
let them speak for themselves. 
Full differential input: truly float- 
ing with respect to ground. 
No common mode error. Low 
input current: typically 10°" 
amps. Low noise: typically 
under 10 microvolts in the 
de to 1 ke range. Sub millivolt 
long term stability: less than 
100 microvolts drift per day. 
Cool running: typically 330 milli- 
watt dissipation. Wide band 
pass: typically 75 ke as a unity 
gain follower. High open loop 
gain: typically 30,000. $210 


Truly low cost: 

Use the P2 for instrumenta- 
tion, analog computation, and 
other applications requiring 
high reliability and accuracy. 
Discover its marvelous ver- 


‘satility and convenience. Add, 


integrate, scale, invert with it. 
Take advantage of its differ- 
ential inputs to perform very 
high impedance voltage follow- 
ing (or amplification), precise 
current driving, and many 
other useful applications. The 
P2’s output delivers 1 ma at 
+10 volts. The cast alumi- 
num housing fits right in 
your hand. 

Please write for further information 
to: 





GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 


COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN 


REPRESENTATIVES IN PRINCIPAL CITIES 





Wescon Booth #4204 


EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
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TEL. CHELSEA 3-5200. CABLE; TRILRUSH 
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prevent damage to the timer in case 
polarity of the power supply is inad- 
vertently reversed. Standard units op- 
erate under vibration of 5-55 cps at 
10g max. acceleration. 

A. W. Haydon sub-miniature repeat 
cycle timers are approx. 4 the size of 
the standard units and weigh 4 as 
much. Basic weight with one switch 
is 614 oz. and overall length is 2 
11/16 inches. 

Shown in Fig 12 is A. W. Haydon’s 
special motor-driven time delay relay 
enclosed in a 2.2” diameter aluminum 
housing. Originally designed for a 
specific military application, these 
units are now available for other uses. 
This miniaturized unit is provided 


| with a large adjusting knob to facilitate 


changing of the time setting. The time 
delay period can be readily adjusted 
in fine increments over the range. A 


| positive detent arrangement maintains 


| conditions. Accurate timing is assured | 


the time setting under all conditions 


of operation. Rugged construction as- | 
sures operation under severe condi- | 
tions of vibration, shock and sustained | 


acceleration. 
Although not hermetically sealed, 


the design of the unit provides pro- | 


tection from adverse environmental 


by use of the company’s precision 


| timing motors, in conjunction with 


| clutch errors to an extremely low | 


stepless clutch drives, which reduce 


value, allowing accuracies to be main- 
tained as specified over the calibrated 
range of adjustment. Specifications 
include: 


cps), +0.1 second or 
setting, whichever is greater, over the 
temperature range — 54°C to 71°C, or 
rated life; weight is twenty-two ounces 
for de and 400 cps units, or eighteen 
ounces for 60 cps units. 

A. W. Haydon also makes interval 
timers, elapsed time indicators and 


| custom designed timers. 


| Haydon Div., General Time 


Designed on a modular concept, an 


| external clutch reset “Acrotimer”, by 





Haydon Div., General Time Corp., 
Torrington, Conn., meets a very wide 
range of physical and electrical re- 
quirements at a minimum expense. 
The unit, employing a motor, solenoid, 
an external clutch and a variety of 
load and relay switches, acts as a de- 
lay or interval timer and opens and 


Mil-E-5272C; Mil-1-6181B | 
for radio interference filtering; accu- | 
racy over calibrated range of adjust- | 
ment (24-29 volts de, or at 60 or 400 | 
+1% of the | 


New 
Philbrick 6033 
solid-state 


power supply 





BALANCED OUTPUTS, COMPUT- 
ING GRADE. The 6033 is the 
latest addition in the distin- 
guished line of Philbrick power 
supplies. It will energize at 
least 10 Philbrick P2 ampli- 
fiers and other transistorized 
A electronic equipment. Like the 

P2, its remarkable character- 
istics speak for themselves, 
Low internal impedance; less than 
2 milliohms. Low noise and 
hum: guaranteed less than 150 
microvolts rms (0.001%). Highly 
regulated outputs: against load, 
less than 300 microvolts; against Vv 
line, less than 200 microvolts. 
Low long term drift: typically 


| 0.1%. Short transient recovery 
time: no load to full load, 
less than 1 millisecond. Unique 


short circuit overload protection: 
inherent in the 6033’s design 
with no extra circuitry to de- 
teriorate performance. Truly 
low cost: about half that of 


supplies with comp- $285 


arable performance: 

Operates from 115 volt, 
50-400 cycles, providing up 
to 150 ma at plus AND minus 
15 volts, slaved to a common 
reference. Conveniently pack- 
aged, cool running, and highly ’ 





: reliable. Available as bench 
» model or modular plug-in. 
© Bench model dimensions: 


344” h x 54%" wx 71%" d. 
Also available with 300 ma 
output. 


Complete facts are waiting for you. 
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Fig 13 Haydon Div., of General Time 
Corp., makes an external clutch reset 
timer, called Acrotimer, which is con- 
structed on the modular concept. Twelve 
variations meet many timing require- 
ments. 

closes switches during and after a pre- 
set interval. 

The timer, (Fig 13) can be actuated 
either manually or automatically by 
sustained or momentary contact. It 
can also be initiated by the closing of 
a relay, either external or kicked off 
by another timer. 

Actuation starts the motor and en- 
gages the clutch. A trip arm driven 
by the motor trips one or two SPDT 
load switches. This will de-energize 
the motor, open or close a load, and, 
if wired, release the clutch for auto- 
matic reset. Spring-type clutch in- 
sures positive engagement with less 
wear and longer life. 

Time ranges are 6, 15, 30, 60 and 
120 seconds; 5, 10, 15 and 30 minutes 
and 1, 2, 4, 8, 16, and 24 hours. Ac- 
curacy of repeatability is 0.5%. Unit 
is guaranteed for operation from 0 to 
99°C, 


Haydon Instrument Co. 


A new concept in mechanical trans- 
fer of numbers by a planetary gear 
drive has been applied in Haydon 
Instr. Co.’s PlanetGear Clocks which 
are precision built for long, heavy- 
duty, split-second timing. Instantane- 
ous snap-over of numbers is accomp- 
lished by a nylon cam and roller com- 
pensating device (illustrated in Fig 
14), which moves the “always-in- 
mesh” planetary gear. This means all 
digits are in full view at the read line 
at all times. 

Since the torque required to drive 
these digital clocks is uniformly low, 
miniature timing motors in various 
voltages and frequencies are used. 
Preset of hours and minutes is manual. 
The set knob on the side is geared to 
the seconds drum with a step-up ratio 
of 8 to 1. Numerals are 34” high 
to MS-33558 (ASG). 24 and 12 hour 
clocks are available in the same pack- 
age size with the same 3” high 
numeral markings of 1 to 24. The 
company is in Waterbury, Conn. 
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SETTING THE PACE 


by Eston Fox, Sales Manager, Pace Controls Corp. 


New Key Component for Servo Control 


Modern high precision servomechanism control systems are now bene- 
fiting from a revolutionary new concept. ..the DIGITORK Incremental 
Motor. Unique among “stepping” motors, this true motor provides high 
speed, torque, accuracy, and repeatability while eliminating many design 
problems encountered in systems using conventional servos. Available with 
torques up to 20 in-lbs. (higher with “specials”) and controlled stepping 
rates up to 3000 per second, it’s the logical motor for use with today’s ad- 


vanced digital techniques. 


Inherent High Accuracy 


The DIGITORK motor is a true 
digital motor. It responds with a 
discrete increment of motion to each 
signal pulse. Speed of motion is 
controlled by the rate of signal in- 
put. An increment can be made any 
integer or fraction, with the whole 
motion equal to the sum of the 
equal increments. Any motor error 
zeroes out at every third step. Thus 
the maximum error of the whole 
motion can be no greater than the 
error inherent in one increment. 
This high precision design also 
eliminates the hunting and insta- 
bility common with conventional 
servos. 





Model M118 DIGITORK Motor provides 
0-2800 steps per second and 2 oz.-ins. torque. 


Simplicity and Economy 

The DIGITORK motorasacontrol 
component, with today’s digital 
trend in circuit design, is far more 
compatible than conventional ser- 
vos. Using it, performance of other 
components and sub-systems can 
be more easily predicted. The DIGI- 
TORK motor usually eliminates the 
need for such elements as highly 
complex amplifiers, tachometers, 
transducers, and analog-to-digital 
convertors, thus cutting system 
costs considerably. 


ai aa — 

Servo vs Digitork 

Let’s consider a hypothetical prob- 
lem; control of two linear motions 
...1 inch and 100 inches respec- 
tively. Handled by a conventional 
servo, total length in each case is 
treated as an entirety from one bit 
of information. Any error in the bit 
will be reflected in the accuracy of 


the total motion. Since the servo 
utilizes feedback for positioning, 
this introduces errors inherent in 
the circuit and tolerances in the 
overall length, including those pro- 
duced by overshoot and backlash. 
And since the total percentage er- 
ror is the same for both controlled 
motions, actual error for the 100- 
inch motion may well be greater 
than the whole 1-inch motion! This 
error can be reduced by the addition 
of more components, circuitry and 
cost, but — this is not necessary 
when using DIGITORK — as de- 
scribed below. 


Using a DIGITORK motor for 
the same two motions, control of 
total length motion is achieved 
through a finite number of equal 
incremental motions. Accuracy of 
the whole depends on that of just 
one increment, regardless of the 
total number. Thus, we can use a 
DIGITORK motor with each step 
equal to .001” linear motion ... rated 
error for one step being +.0001”. 
So, 1000 signal pulses will advance 
it 1000 steps (1 inch) and 100,000 
pulses will advance it 100,000 steps 
(100 inches). Total error in each 
case: +.0001 inches. 


Digitork Motor Applications 
The DIGITORK motor is present- 
ly in use in systems requiring accu- 
racies of .000020” linear and .002 
degrees rotational. It can be used 
to precisely coordinate and control 
motion between two or more axes. 
Size of resultant motion can be 
changed by appropriate gearing. 


one = 8 
-) 


Put this accuracy and versatility to 
work on your control problems. 
Write for Engineering Bulletins 
today. 


DIGITORK is truly... Setting The Pace! 





Ace 


ONTROLS COoRF 





Needham Heights 94, Massachusetts + 


HIllcrest 4-8844 
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Fig 15 Motor-driven interrupter by Holtzer-Cabot consists of an instru- 
ment gearhead motor, nylon cams and a maximum of 18 spring packs. 





Fig 14 Instantaneous snap-over of num- 
bers is accomplished in Haydon Instr. 
Co.’s digital clocks by a smooth planetary 
rolling gear action. Planetary wheel and 
pinion assembly “A,” and “A,” is moved 
by arm “B” pivoting on shaft “C”. Spring 
“D” holds roller “E” against cam “F”. 
Cam “F” and pinion “G” are molded as 
an integral part of the next lower order 
drum not shown. Gear “H” is molded 
as part of the drum shown. Gears “G”, 
“A,”, “A.” and “H” have a total ratio 
of 10:1 so that each adjacent drum ro- 
tates one tenth as fast as the preceding 
drum. However, as the lower order drum 
rotates from 0 to 9, Cam “F” moves 
the planetary assembly “A,” and “A,” 
down to prevent motion of the drum 
shown. When the lower order drum 
rotates from 9 to 0, the roller “E” rides 
up the steep slope of cam “F”, thereby 
returning the planetary wheel and pinion 
assembly “A,” and “A,” to its original 
position, causing quick transfer of the 
number on the drum shown. 


Holtzer-Cabot 


Equipped with precision cut nylon 
cams, Holtzer-Cabot’s motor driven 
interrupter units provide extremely 
accurate timing and long life. Either 
ac or de drive from an instrument 
type gearhead motor is available. 
Model 25BC18, shown in Fig 15, con- 
tains a maximum of 18 spring packs 
each of which may contain a maxi- 
mum of 6 springs or leaves. Shaft 
speeds range from %4 to 12 rpm. 
Holtzer-Cabot is a div. of National 
Pneumatic and is located in Boston, 
Mass. 
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Fig 16 In Industrial Timer’s Series Dual- 
Trol recycling timer, timing modules are 
housed in a_ sturdy two-piece baked 
enamel steel housing, which can be back- 
mounted to a machine tool or control 
panel. Timer operates on either 115 or 
230 volts at 50 or 60 cycles. The SPDT 
switch is isolated electrically from the 
timer motor circuits, and is rated at 10 
amps, non-inductive at 115 volts and 
60 cycles. Compact unit measures only 
714A” X 54%” X 5 9/16”. Unit is priced 
at $77.50, which includes the housing 
and any two timing modules. Additional 
timing modules are priced at $27.50. 





Houston Fearless 


Subminiature elapsed time indica- 
tors from Houston Fearless Corp., 
L. A., Calif., are low power dec pre- 
cision instruments for military appli- 
cations. Easy to read dial records 
total hours of a circuit’s operation. 
Standard ranges are 1000 to 10,000 
hours. Specifications include: weight, 
2 oz max.; voltage, 20 to 30 vde; 
power draw, 1.5 watts approx.; alti- 
tude, 100,000 feet; operating tempera- 
ture, —65 to +-160°F; accuracy, 1%; 
meets or exceeds applicable portions 
of Mil-E-5272C. 


Industrial Timer 


A highly versatile recycling timer 
called the Series Dual-Trol is what 
Industrial Timer Corp., Newark, N.J., 
believes to be the smallest recycling 
timer available with interchangeable 
timing elements. The timer is ideally 
suited for control of machine tools, 
material handling and chemical proc- 
esses or virtually any operation where 
“on” and “off” intervals must be fre- 
quently changed. Unit is shown in 
Fig 16. 

The time interval of both the “on” 
and “off” signals is easily changed by 
adjusting the timing knobs on the face 
of the two timing modules. One 
module controls the duration of the 
“on” cycle; the other controls the dur- 
ation of the “off” cycle. With any two 
timing modules, the duration of either 
the “on” or “off” interval can be ad- 
justed within a wide range. For ex- 
ample, with 3-hour and 30-minute 
modules, a 30-minute pulse can be 
produced every 3 hours. However, 
both modules can be adjusted within 
a wide range to produce other time in- 
tervals. For example, the 30-minute 





Fig 17 Industrial Timer’s Series MC Multi Cam Timer controls from 2 
to 20 circuits. Cams mounted on a single driving shaft are coupled to 
motor by gear and rack assembly. Each cam is independently adjustable 
for 2% to 98% of the total time cycle. Individual adjustability enables 
the unit to be used as a programming device. Any combination of timed 
sequences can be used. Enclosed SPDT switches are mounted on in- 
dividual brackets permitting removal without disassembling entire switch 
bank. Contacts are rated at 10 amps non-inductive ac. 


ELECTROMECHANICAL DESIGN 





modu 
minu 


steps 
ply t 
of 10 
the § 


Fig 

seal 
rang 
Chr 
avai 
tren 


mu 
sect 

I 
seal 
cati 
tim 
met 
Fig 
can 
swi 
qui 


can 
rat 
for 
mu 
in 

no 
val 
tin 
is | 
co) 
It 

sel 


pl 


in 


La 


Ill 


fo 








idica- 
Jorp., 
- pre- 
uppli- 
cords 
ation. 
),000 
»ight, 
vde; 
alti- 
pera- 
1%; 
‘tions 


timer 
what 
N.J., 
cling 
sable 
eally 
‘cools, 
roc- 
here 

fre- 
n in 


“on” 
d by 
face 
One 

the 
dur- 
two 
ither 

ad- 
 eXx- 
nute 
be 
ver, 
thin 
> in- 
nute 


GN 








module can be adjusted between 30 
minutes and 30 seconds, in 30-second 
steps. Modules can be replaced sim- 
ply by removing four screws. A total 
of 10 timing modules is available with 
the Series Dual-Trol unit, with maxi- 








Fig 18 Industrial Timer’s hermetically 
sealed Series F recycling timer. Voltage 
ranges from 6 to 230 at 25 to 400 cycles. 
Chronometrically governed de motors are 
available for applications requiring ex- 
treme accuracy using dc current. 


mum time ranges extending from six 
seconds to three hours. 

Industrial Timer’s hermetically 
sealed timing units for military appli- 
cations include a recycling timer, a 
time delay unit and a running time 
meter. The recycling unit, shown in 
Fig 18, continuously recycles 1 to 7 
cams which actuate SPDT load 
switches in a preset ON-OFF  se- 
quence. 

The company also makes a series of 
cam cycle timers with 50 standard 
ratio gear and rack assemblies stacked 
for changing overall time cycles. A 
multi-cam unit of this series is shown 
in Fig 17. They also make synchro- 
nous motor driven time delays, inter- 
val timers, signalling timers and reset 
time totalizers. 

A useful item from Industrial Timer 
is their Multi-Cam Timer Kit — a basic 
construction kit for experimental work. 
It consists of all parts required to as- 
semble four multi-cam timers. Com- 
plete tools and necessary hardware are 
included. 


Lake City, Inc. 


Small, compact general purpose 
timers from Lake City, Inc., Subs. of 
Controls Co. of America, Crystal Lake, 
Ill., contain a direct motor drive with 
no coasting or sub-synchronous opera- 
tion. As shown in Fig 19, Model VC 
200 has a snap switch which is rated 
for 20 amp heavy duty. Special lubri- 
cation available for extreme ambient 
conditions: +-150° to —15°F with im- 
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TEMP -R-TAPE me: 

for —100°F to 500° F applications 


Select the right Temp-R-Tape for your job from a variety of types which combine 
some form of Teflon, Fiberglas or Silicone Rubber backing with a silicone polymer 
adhesive. Temp-R-Tapes possess high dielectric strength, thermal stability, excellent 
moisture resistance, non-aging characteristics and many other desirable properties. 
CLASS H INSULATION USES: slot lining; interlayer and interphase insulation; 
harness bundling; splicing; wrapping for microwave components, transformer coils, 
capacitors and high voltage cables. 

NON-STICK USES: non-stick facings for film guides in electronic instruments, heat 
sealing bars, forming dies, chutes, guide rails, etc. 

AVAILABLE FROM STOCK: 1/4” to 2” widths, 18 yd. and 36 yd. rolls and 12” 
width on liner by lineal yard. Sold through distributors. 


FREE SAMPLE and folder — write, phone or use inquiry service. 
ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(GGA CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
CIRCLE NO. 37 ON INQUIRY CARD 


“tea N \RES 


i 


Our facilities for continuous Specialists in 
electroplating of wire are the Unusual 
rated among the largest in 
the field. All our plates are 
exceptionally uniform and 
well bonded to the base 
wire...Gold, Silver, Nickel, 
Rhodium, Tin, Indium and 
many other metals, or 
combinations, are plated 
onto wires of Tungsten, 
Molybdenum, Nickel, 
Bronze, Copper, Silver, etc. 
...Copper wires, used for 
electrical connections, are 
made highly corrosion- 
resistant by Gold plating... 


SINCE 1901 


Write for latest brochure. 


SIGMUND COHN wes. co., inc. 


121 SO. COLUMBUS AVE., MOUNT VERNON, N. Y 


SIGMUND COHN CORP. OF CALIFORNIA + 151C N. Maple St., Burbank, Cal. 
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Extra 
High Purity 
Gold Plate! 


Ordinary Gold Plate 





TEMPEREX HD electroplate meets or surpasses the most 
exacting specifications of the electronics industry. Its de- 
posits of 99.99+ purity provide a uniformity of metallurgical 
characteristics never before attainable in gold electroplate. 


Other advantages: 75 Knoop hardness; easy to solder or 
weld; and an exceptional ductility that permits cork-screw 
twisting of electroformed strips without fracturing! 

Write for details. 
SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 
World's largest selling precious metal plating processes 


*Patent applied for 
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Here's How Haveg Solved the Problem... 


“+ FH AVELEX 


PRECISION MOLDED RIGID INORGANIC INSULATING MATERIAL 


APPROXIMATE SIZE 
OF BASE PICTURED, 
1 INCH LONG, 
Ye INCH WIDE, 
Ve INCH HIGH 





This miniature switch base molded with Havelex, contains four different stainless steel 
inserts with precious metal plating. Three inserts (which include #0-80 male threads) 
go all the way through the mold and provide precision mountings on both sides for 
assembly. The #0-80 female threaded insert is designed to protrude from one face and 
is approached by a molded counterbore from the other. Mold is designed to accommo- 
date alternate terminal inserts when unthreaded models are required. 


Haveg engineers recommended Havelex for this particular molding because of 
its combination of properties. Completely inorganic, with metal inserts inte- 
grally molded in place. Precision tolerances with faithful reproduction from part 
to part. Heat resistance for continuous operation in excess of 700°F. 


Haveg engineers will be happy to work with you on your particular project— 
to help you “Keep ahead with Haveg.” Remember—Havelex offers all of these 
unique features: Dimensional Stability « 1000°F. Continuous Temperature Resist- 
ance ¢ Dielectric Strength « Mechanical Strength « Low Loss, Low Power Factor 
¢ Arc Resistance « No Moisture Absorption « integrally Molded Metal Inserts 
e Hermetically Sealed Inserts. 


Keay Ahead with 
HAVEG. 
0 es WN 


eceeeees Fist Ot Lapinnwred’ mastics 
CIRCLE NO. 39 ON INQUIRY CARD 


TAUNTON DIVISION 
HAVEG INDUSTRIES, INC. 


40 Weir Street . Taunton, Massachusetts 
Telephone VAndyke 4-4011 
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Fig 19 General purpose timer by Lake 
City Inc. features a direct motor drive 
giving a small compact flexible design. 


mediate starting. Standard speeds 
range from 1/60 to 10 rpm. 


Molon Motor & Coil 


For low accuracy applications, 
Molon Motor & Coil Corp., Rolling 
Meadows, Ill., has a general purpose 
cam assembly driven by a shaded pole 
motor (non-synchronous). Gear trains 
drive a total of seven adjustable cams 
for actuating leaf type or snap action 
switches. Cams can shut unit off, or 
develop repeat cycles or what have 
you. Speed varies from 1/5 to 800 
rpm. 


Sangamo Electric 


For power line control application, 
Sangamo Electric Co., Springfield, IIl., 
makes a complete line of motor-driven 
time switches. A typical unit is Type 
WY which handles two circuits with a 
carryover feature that protects against 
loss of timing due to power failure. 
If power fails, a timing escapement is 
released allowing the dial to be driven 
by a mainspring for periods up to 10 
hours. When power is restored the es- 
capement is blocked, the mainspring is 
automatically rewound and the syn- 
chronous motor again drives the dial. 
Minimum ON period is 30 minutes; 
minimum OFF period is 2% hrs. 
When specified, these time limits can 
be reversed. 


Spectrol Electronics 
Preset sequence timers or function 


ELECTROMECHANICAL DESIGN 
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Fig 20 Spectrol Electronics’ function 
programmer is used to control the atti- 
tude of a missile with respect to time. 
It consists of a governed de motor, a 


potentiometer, and five dry circuit 
switches. It also contains a mechanism 
which stops the unit at the end of its 
timing program of 120 seconds and al- 
lows resetting in one-half this time. 


manufactured — by 
Spectrol Electronics Corp., San 
Gabriel, California. Construction of 
the switch section consists of a ma- 
chined pyrex glass base with pre- 
cious metal switching sections ce- 
mented in machined grooves around 
the diameter of the glass base. A ro- 
tating wiper contacts the various seg- 
ments around the diameter to com- 


programmers are 











INERTIAL 
TEST 
EQUIPMENT 
DESIGN _-! 























Electronic diagnosis? Can you design and build equipment 
to isolate operational malfunctions in complex electronic and 
electro-mechanical systems? Required: experience with tran- 
sistorized circuitry, digital or analog computing techniques, 
and/or sub-miniature electro-mechanical devices and 


associated electronics. Write or phone Mr. Donald Krause. 
Qualified applicants will be considered regardless of race, creed, color or national origin. 

LITTON SYSTEMS, INC. Guidance & Control Systems Div. 
Woodland Hills, California 


plete the timing circuits. Speed of 
rotation of the wiper and the spacing 
and length of the metal switching 
sections determine the timing se- 
quence. 

There are several advantages to the 
glass backed switch type of construc- 
tion. Since the grooves in the glass 
base are machined, the spacing be- 
tween timing sections can be held to 
very close (+6 minutes of arc) toler- 
ances. The glass and precious metal 
switching section is lapped and _ pol- 
ished to extreme smoothness (4 micro- 
inches). In addition, the glass has 
good hardness and low coefficient of 
friction (low torque) and low thermal 
expansion (dimensional stability). The 
glass also has excellent insulation re- 
sistance and dielectric properties. 

Line power requirements for the 
timers are basically constant de volt- 
ages or constant frequency ac voltages. 
When the line voltage or frequency 
fluctuations are too great for accurate 
timing an internal power supply is 
used to regulate the voltage or fre- 
quency to the required accuracy. 

Spectrol’s timers can be made to 
reset in several different ways. The 
first is completely automatic, whereby 
the timer is started, goes through its 
timing cycle, then stops at its initial 
position ready to start another cycle. 
The second reset type is the case in 













which the timer goes through a cycle 
and stops at the end of the cycle. 
After this, a voltage is applied to the 
timer to reset it. Or, a manual reset 
knob can be turned to reset the timer. 

To facilitate the first two methods, 
units have been built with an extra 
switch section to actuate an electro- 
magnetic clutch. Similarly, relays, 
spring returns and detents are regu- 
larly used to provide special reset 
mechanisms. Typical function pro- 
grammer is shown in Fig 20. 

The gear ratio and switch segment 
placement around the diameter can be 
varied to give any desired time delay 
from 5 seconds to 10 hours. Time de- 
lay is factory adjustable to 14% of the 
total time delay and is repeatable 
within 44% of the total time delay. 
Smooth finish and high hardness of the 
switch section gives a long life (in ex- 
cess of 1,000,006 cycles). Typical size 
is 2” x 2” x 4” and typical environmen- 
tal conditions include: temp., —65° to 

|.250°F; vibration, 20 g to 2000 cps; 

acceleration, 30g. The main use for 
these timers has been in missile appli- 
cations; however, they apply to many 
industrial automation and control de- 
vices. 


Standard Electric Time 


Precision electric timers for accu- 


If you live in the 
EAST or MIDWEST 
write or phone 

the LITTON 
Research & Engineering 
Staff Representative 
nearest you: 

Mr. Harry Laur, 

221 Crescent Street, 
Waltham, Mass. 
TWinbrook 9-2200. 


Mr. Garrett Sanderson, 
375 Park Ave., 

New York City, New York. 
PLaza 3-6060. 


Mr. Robert L. Baker, 
360 No. Michigan Ave., 
Chicago, Ill. ANdover 3-3131 
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THESE “WIRE 


-WOUNDS” ARE 
CIRCUIT SHRINKERS 


. newly 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. °.9 
































SIZES AND RATINGS 

Rating Type Resistances (ohms) | Dimensions — 
(in watts) Min. Max. Length* | Diam. 

2 2x 0.1 5,000 % He 

3 3X 0.1 10,000 Y, Xe 

4 4X 0.1 15,000 Ne H 

5 5XM 0.1 20,000 af) Hs 

7 7X 0.1 25,000 1 He 

10 10XM 0.1 50,000 1% He 

12.5 12.5X 0.1 75,000 1% % 




















*Less leads. 


Get complete details in Supplement C to Catalog 15. Write for your copy and a 


list of stocking distributors today. 
Mount Vernon, New York. (In Canada: 


Ward Leonard Electric Co., 


61 South Street, 
Ward Leonard of Canada, Ltd., Toronto. ) 


RESULT-ENGINEERED CONTROLS SINCE 1892 






WARD LEONARD 


i ELECTRIC CO. 


ww) WARD LEONARD 





MOUNT VERNON 
NEW YORK 


RESISTORS *« RHEOSTATS » RELAYS * CONTROLS « DIMMERS 
See us at Booth 509 at the Wescon Show. 
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rately measuring elapsed time, from 
Standard Electric Time Co., Spring- 
field, Mass., are used in laboratory, 
testing, and production work in indus- 
trial and commercial plants, govern- 
mental agencies and educational in- 
stitutions. Many different models with 
various types of mountings such 
panel and wall types are available. 
All Standard’s timers are driven by 
synchronous motors regularly  fur- 
nished for 115 v ac, 60 cycle opera- 
tion; other voltages and frequencies 
are optional. 

Where clutch is to be operated from 
an electronic circuit it can be con- 
nected directly in the plate circuit of 
any one of several types of tubes. 
Characteristics of this clutch are: 
voltage, 120 dec; resistance, 2000 
ohms; current, 50 to 60 milliamperes. 

Standard Electric’s models have a 
manual resetting lever at the upper 
left hand corner of the timer. An 
electric solenoid resetting mechanism, 
remotely controlled, is optional. Each 
type resets both hands to zero instan- 
taneously, and may be operated with- 
out harm even when the hands are 
running. 





Fig 21 Waltham Precision Instrument 
Co.’s subminiature elapsed time indica- 
tor. Jewel bearings in unit have less 
friction loss even at extreme tempera- 
tures. 


Waltham Precision Instrument 


Light and reliable with jewel bear- 
ings, Waltham Precision Instr. Co.’s 
subminiature elapsed time indicators 
give digital readout to 9,999 hours. 
Total weight is 3-3/4 oz. and outside 
diameter is 1-1/16”. Unit, shown in 
Fig 21, is 2-11/16” long. Maximum 
power input is 2-1/2 watts. Small cu- 
mulative error when used in “on-off” 
operation, the motor reaches syn- 
chronous speed virtually the instant 
power is applied. Unit is hermetically 
sealed in accordance with military re- 


quirements — Mil-E-5272B. 


ELECTROMECHANICAL DESIGN 
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TECHNICAL WIRE PRODUCTS, INC. 


°1-S86 











18 CGS WUC ks 







TECKNIT'S 


RFI* and Pressure Sealing Duostrip! 


Tecknit's revolutionary new TECKSTICK Duostrip 
RFI and Pressure Seal ends messy, exacting and 
time-consuming attaching methods forever. Now, 
one of production’s biggest headaches i is a thing 


_ of the past! 


All you do to install TECKSTICK is to zip off a 
protective backing and stick the strip in place... 
it's as easy as that! Adheres to any clean surface 
on contact yet can be readily repositioned if re- 
quired. And—the longer it’s on, the stronger the 
bond. 


New TECKSTICK is resilient knitted-wire mesh 
RFI sealing strip permanently affixed to sponge 
Neoprene. One side of the Neoprene is coated 
with a specially formulated adhesive, covered 
with a protective backing strip. It’s so quick and 
easy to use that even untrained sian can 
apply it. 
See how you can cut installation cts and speed 
with new TECKSTICK! Mail coupon 


today for complete information and a sample for 


os test purposes. 
*Radio Frequency Interference : 


NEW, Quick-Installing Advancement— 


RFI AND 
PRESSURE 
SEAL 


* ies, 


IT’S READY 






ere 


Check These Advantages — 


© Cuts installation time up to 48% 
Reduces overall shielding costs 
Eliminates adhesives and mess 
Requires no special surface preparation 
Sticks instantly on contact 

Can be readily repositioned 

Bonds to any clean metal 

Anyone can apply it 





ADDRESS 
Bea ZONE___ STATE 





Technical Wire Products, Inc. 
129 Dermody St., Cranford, N. J. 


{Jj Please send information and sample of TECKSTICK. 
NAME 





COMPANY 














129 DERMODY STREET, CRANFORD, NEW JERSEY 
TELEPHONE: AREA CODE 201, BR 2-5500 « TWX: CRFD 40 


SEE US IN BOOTH 215 AT THE WESCON SHOW 
CIRCLE NO. 66 ON INQUIRY CARD 
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Very small and very light (%4 
gm), yet, MIL-SPEC tested and 
proven. Operating temperatures 
from —55°C to 175°C. Power 
rating: 1 watt at 50°C, derating to 
zero at 175°C. Resistance range: 
10 ohms to 50K. Integrated plas- 
tic case design for high reliability. 
Available from stock. For addi- 
tional data, write Dept. C. 


TECHNO-COMPONENTS com 


18232 PARTHENIA STREET 
NORTHRIDGE, CALIFORNIA 
DICKENS 5-8933 
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Western Design & Electronics 


An extremely accurate, fixed posi- 
tion timing device, a precision inter- 
val timer made by Western Design & 
Electronics, Goleta, Calif., has up to 
five independent channels available in 
the standard unit; events may be se- 
quenced simultaneously or in series, 
or in a combination of both. On spe- 
cial order, the number of channels 
may be increased to 10 as the synchro- 
nous motor has ample torque to han- 
dle the increased operating load. 

In addition to the synchronous 
motor, the unit consists of a unique 
cam and positive action contact ar- 
rangement in which one set of con- 
tacts makes and the other set breaks 
the circuit. This action sharply de- 
fines the start or finish of any pulse 
and is accomplished by the use of ab- 
rupt discontinuities on the cam sur- 
faces which permit the tripping points 
to be set precisely. Speed of contact 
operation is independent of the speed 
of rotation of the cams. 

Total contact bounce on the circuit 
make and break is so slight it can be 
measured in microseconds, less than 


300 microseconds on make, and less 
than 50 microseconds on break, in 
production line units. Tolerance of the 
timing pulses is held to +1/5 of one 
percent or +10 milliseconds, which- 


ever is greater. These tolerances are 
relative to a 60 cycle or 400 cycle 
time base accuracy. Timer will run 
repeatedly through a pre-set timing 
cycle which may be as short as one 
second or as long as several hours. 


Zenith Electric 


Model WL multi-circuit cycle timer 
by Zenith Electric Co., Chicago, IIl., 
is especially adapted for applications 
in enclosed equipment where pilot 
circuit control is required. As shown 
in Fig 22, each SPDT open-type, 
snap-action switch is mounted individ- 
ually and can be removed without dis- 
turbing any other. Switches are op- 
erated by adjustable cams driven by a 
synchronous motor. Unit operates in 
a repeating sequence or continous 
cycle; or operates one cycle only and 
stops when control is actuated by a 
momentary contact pushbutton. It can 
also be used as as interval timer for 
manual start and automatic stop. 

Zenith also makes interval timers, 
elapsed time indicators, automatic re- 
set and percentage timers. Shown in 
Fig 23 is their Model 3406R indexing 


interval timer. eee 











Fig 22 Multi-circuit cycle 
timer of Zenith Electric 
is available with 2 to 7 
circuits. Switch capacity 
is 5 amps, 110 volts ac, 
non-inductive. 


Fig 23 Zenith Electric’s 0-30 minute 
indexing interval timer. Indexing is 
accomplished with a numbered count- 
ing dial. As many as 15 separate 
steps are automatically registered on 
the counting dial each time the unit 
is set for the next part of the cycle. 
Either manual or electrical reset can 
be supplied. 
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Magnetic Clutches & Brakes 





Part 2 


Industrial Units 


In our Components Digest on mag- 
netic clutches and brakes, we con- 
sidered, mainly, the important factors 
involved in selecting units for military 
applications such as precision servo- 
mechanisms. The increased use of 
data processing equipment provides 
another large area where high re- 
sponse friction clutches are used to 
great advantage. A typical example is 
the indexing and feeding of paper in 
high speed printers. As a supplement 
to the Digest coverage, we present 
here a report from Simplatrol Prods. 
Corp., Worcester, Mass. which dis- 
cusses a number of considerations im- 
portant to the use of clutch-brake 
units for these industrial applications. 
First, the unit must accelerate the 
load to the required rpm and stop it 
within the time specified. It must be 
rugged enough to withstand constant 
operation of hundreds of cycles per 
minute in many cases, without failure 
or excessive wear. Secondly, the 
clutch-brake itself many times must do 
the indexing, meaning its repetitive 
accuracy must be within well defined 
limits. In the case of paper feed for 
high speed printers, the clutch feeds 
and the brake stops and positions the 
paper every cycle without benefit of 
any mechanical stops. In a card 
puncher and printer, the brake will 
have to position the card so that the 
printing will come between the rows 
of punched holes. Since the clutch- 
brake is a friction device, accurate 
repetition is many times the qualifying 
feature between competitive types. 
Thirdly, because the equipment em- 
ploying the clutch brake may be lo- 
cated where noise level is important, 
as in the case of data processing equip- 
ment, smoothness and quietness of 
operation is a major selection factor. 


THROUGH SHAFT OR COUPLING 


Confusion often arises over the 
difference between a through shaft 
clutch and a coupling clutch. Clutch 
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coupling engages or disengages two 
shafts in line, while a through shaft 
clutch transmits drive from a parallel 
shaft to the shaft on which the clutch 
is mounted, the shaft passing through 
the unit. 

In clutch coupling, one member of 
the clutch contains bearings and idles 
on the shaft, in the de-energized state, 
while the other clutch member is 
fastened to the shaft; when the coil is 
energized the drive is transmitted 
from the idling member to the shaft, 
locking them together. While the 
coupling presents a_ straight-forward 
approach to joining two elements, it 
also presents the major problem of 
alignment between the input and the 
output shafts. If they are not care- 
fully aligned, loss of clutch torque and 
excessive heating and wear may occur. 
Because the coupling members are 
cantilevered on the shaft ends, ade- 
quate bearing support must be pro- 
vided. 

In a through shaft clutch, alignment 
and clearance between the clutch 
members are automatically established 
and it is properly supported by bear- 
ings on each end. Because of the in- 
herent advantages of the through shaft 
type, they are recommended whenever 
possible, and especially for high cycle 
rate applications. It is generally easier 
to install, much easier to service in the 
field, and more rugged. 


ROTARY OR FIXED FIELD 


In a rotary field type, the coil mem- 
ber is one of the clutching elements 
and is fed through slip rings and 
brushes. A fixed field has a stationary 
magnet, necessitating the introduction 
of a third member, called the rotor, 
between it and the armature. The 
rotor transfers the magnetic flux from 
the magnet to the armature and the 
clutching action takes place between 
the rotor and armature. Bearings are 
used between the stationary magnet 
and the rotor to maintain correct 
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SELECTION FACTORS 


Characteristics that affect high re- 
sponse and repeatability in clutch 
brake combinations: 


1. Armature transfer distance be- 
tween clutch and brake housings. 


2. Parallelism between engaging sur- 
faces. 


3. Backlash between armature and 
shaft. 


4. Well mated-in friction surfaces. 


5. Tolerances and finishes on_ all 
important surfaces. 


6. Armature inertia and mechanical 
strength. 


7. Suitability of clutch brake (gov- 
erned by its magnetic characteristics) 
to respond to forcing type electrical 
circuits. 


8. Residual magnetism effects. 
9. Operating noise. 


10. Smoothness of operation. 











spacing. 

Fixed field types eliminate the need 
for brushes and in certain cases must 
be used because of environmental con- 
ditions, or where there is not sufficient 
room to mount brushes. However, 
there are a number of disadvantages 
when comparing them to the rotary 
field clutch. First, the fixed field 
clutch is inherently less efficient be- 
cause of the fixed air gap which is 
necessary between the stationary coil 
member and the rotor; which means 
additional ampere turns must be pro- 
vided to maintain the required flux to 
produce an equivalent torque rating. 
This means extra turns or additional 
current draw. Secondly, because the 
air gap between the magnet and rotor 
must be kept at a short distance and 
between close limits, the extra ma- 
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WRAP-AROUND | 
MAGNETIC SHIELDS 7 oy.yen even 


.APPLIEDIN SECONDS  _ Magnetic Shielding Foils 


For Any Size or Shape Components 





Netic and Co-Netic foils are universally used as an evaluation tool; ultimately, as a production 
solution. Available in continuous lengths on rolls up to 15” wide .. . for human production line 
or to fit automated existing reels of your tape serving machinery. Furnished in final annealed 
state ready for your operation. 


HOW YOU SAVE SPACE, WEIGHT, TIME, MONEY 


Minimum weight and displacement shielding designs are possible due to the 
magnetic shielding effectiveness of Co-Netic and Netic foils . . . foils can be 
supplied FROM .002’, even thinner if you desire. Ordinary scissors cut foil 
easily to exact contour and size required. Foil can be wrapped quickly around 
hard-to-get-at components, saving valuable time, minimizing tooling costs. 


HOW TO INCREASE RELIABILITY 


Guard against performance degradation from unpredictable magnetic field con- 
ditions to which your equipment may be exposed. Eliminate such failure or 
erratic performance possibilities with dependable Co-Netic and Netic protection 

. assuring performance repeatability for your device over a wider range of 
magnetic field conditions. 

Co-Netic and Netic alloys are not affected significantly by dropping, vibration . 
or shock. They are characterized by low magnetic retention and do not require 
periodic annealing. When grounded, they effectively shield electrostatic as well 
as magnetic fields over a wide range of intensities. 

Every satellite and virtually all guidance devices increase reliability with Netic 
and Co-Netic magnetic shielding alloys. Use these highly adaptable foils for 
saving valuable space, weight, time and money .. . in solving your magnetic 
shielding problems for military, commercial and laboratory applications. 


PHONE YOUR NEAREST SALES OFFICE TODAY: 


BALTIMORE, MARYLAND, HOpkins 7-3766 PALO ALTO, CALIFORNIA, DAvenport 1-5064 
UNION CITY, NEW JERSEY, UNion 4-9577 SAN DIEGO, CALIFORNIA, ACademy 4-1717 
MERIDEN, CONNECTICUT, BEverly 7-9232 SEATTLE, WASHINGTON, EAst 3-8545 
MIAMI, FLORIDA, Highland 4-1118 PHOENIX, ARIZONA, AMhurst 4-4934 
DALLAS, TEXAS, Fleetwood 1-1615 HOUSTON, TEXAS, HOmestead 5-7780 
ALBUQUERQUE, NEW MEXICO, AMherst 8-6797 WESTMOUNT, MONTREAL, QUEBEC 

LOS ANGELES, CALIFORNIA, WEbster 1-1041 WEllington 7-1167 


MAGNETIC SHIELD DIVISION 


Perfection Mica Company 


1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 
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chining required results in a higher 
priced item. Lastly, because of the 
mechanics involved, the fixed field 
unit is not as readily adaptable to spe- 
cial configurations and mountings, 
especially in clutch-brake or duplex 
clutch combinations. 

Chief drawback to the rotary field 
type is the use of brushes. While it 
is true that there is a wear factor in- 
volved on the brushes this can be kept 
to a minimum by proper design of slip 
ring and brush material, the type of 
brushholder, and proper installation. 
It should be pointed out that if solid 
collector rings are used and very low 
currents are involved, duty is not com- 
parable to that of commutation in a 
dec motor or a generator. Indeed, if 
designers remember the timers, slip 
ring assemblies for antennas, or other 
applications where slip rings are used 
as a matter of course they might not 
be as concerned in applying rotating 
field clutches, even in military equip- 
ment. And while it is true that brushes 
do wear, this can be readily observed, 
and replacement under periodic main- 
tenance procedures is extremely sim- 
ple. Also the brush wear has to be 
weighed against the life of the bear- 
ings used between the field member 
and rotor of the fixed field type. 

Another objection raised to the ro- 
tating field type is the high inertia of 
the coil member, but in many cases 
this is a decided advantage because if 
this is the constantly idled half of the 
clutch, it introduces a flywheel effect 
which is transmitted to the load to be 
accelerated. Of course this is true 
only if the manufacturer has designed 
this clutch so that the magnet member 
will be the constantly idled half. 

In summation then, either a fixed 
field or a rotary field type may often 
be used in a particular application, but 
the designer of a high response system 
should consider the rugged, simple 
construction, and the ease of applica- 
tion of a rotary field clutch before 
arbitrarily rejecting it. 


LOCATION IN SYSTEM 


Usually in a high cycling applica- 
tion where indexing accuracy is re- 
quired, the clutch-brake will be on 
the output shaft itself, directly con- 
trolling the load. This avoids any lost 
motion in gears, pulleys, or belts be- 
tween the prime mover and the output 
shaft, as well as eliminating the energy 
that would be required to accelerate 
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Now, you can save time and insure reliability... 


by specifying DK Coaxial switches in your design 


It’s easy. DK Coaxial switches are available in scores 
of shapes, sizes, and functions from factory stock. RF 
Products’ new DK Coaxial switch catalog lists over 130 
variations of 16 basic coax switch designs, covering a 
proven 90% of all known applications. All the facts and 
figures on the industry’s most complete line of coaxial 
switches are at your finger tips. 

You'll also find that these switches successfully com- 
bine ruggedness with the highest standards of precision: 
spring-leaf switching blades, gold-plated silver contacts 
and impedance matched connectors keep insertion loss 


and VSWR (1.3 @ 4,000 MCs) low, Crosstalk high (in 


decibels down); electro-mechanically actuated models 
operate and release in 8 to 20 milliseconds, depending 
on type and function, with a proven mechanical life of 
1,000,000 cycles minimum when operated under 10 cps. 

And, don’t forget that RF Products, pioneers in the 
development of the coaxial switch, will continue to offer 
you design and engineering services whenever you need 
them. Whether you order a switch from the catalog or a 
switch designed to meet your exact specifications, you 
can be assured of the same high quality and service. 

For details on our new line of standard switches, 
write for catalog DK 61. 
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DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION e 33 EAST FRANKLIN ST., DANBURY, CONN. 
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| NEUTRAL - SHAFT AND ARMATURE FREE 
Clutch coil Semi-flexible diaphram 
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Armature travel To brake controller 


Slip rings 
(exaggerated for clarity) 

Fig 1 Typical clutch-brake, manufactured by Simplatrol Products Corp., for 
high response systems employs their patented semi-flexible diaphragm op- 
eration — no plate sliding on splines or pins. In this clutch-brake combina- 
tion there are three assemblies — clutch magnet, a brake magnet and an R 
armature. Armature is keyed or pinned to output shaft. Body of the arma- 
ture, which has a friction facing on both sides, attaches to outer diameter 
of diaphragm, while armature hub fastens to inner diameter of diaphragm Ac 


Se 





and in turn attaches to shaft. Clutch magnet is driven from power source; rg 
when its coil is energized armature body is attracted to it, the diaphragm - 
deflecting to allow the friction face to contact the clutch. Armature hub is me 
held in place on output shaft, therefore, there is no sliding action between a 

ad) 


metal parts. Torque is transmitted from clutch, through friction face, 
through diaphragm to shaft. De-energizing the clutch coil returns the 
armature to its disengaged position, and the shaft coasts to a stop. To 
obtain braking action, the brake coil is energized when the clutch is de- 
energized; the armature then deflects and contacts the brake magnet which 
is anchored to a stationary member. Stopping and/or holding torque is 
thereby transmitted through the diaphragm to the shaft. Simplatrol’s 
diaphragm construction is used in a range of clutches from under one inch 
diameter to 1214” diameter; from torque ratings of ten ounce inches to 470 








*A Trademark of Metals & Controls Inc 





Take a strip of spring steel, clad an over- 
lay of copper to it, weld and coin a pre- 
cious metal ball at the exact contact point. 
The result ...a MULtiLAYER relay part 
with operating qualities impossible to 
obtain through the use of any single alloy 
or plated material. When blanked and cut 
off, this part gives you maximum reli- 
ability, peak performance without com- 
promise, occupies a minimum of space 
and costs a fraction of parts made by con- 
ventional methods. Especially when pro- 
duced in quantity by our time-proven 
direct cladding methods, four-slide presses 
and custom designed welding equipment. 


Similar parts from wire, inlay and overlay 
strip, and other MULtiLAYER clad met- 
als produce the same benefits. Our field 
engineers in your territory will help you 
apply this modern design material to your 
products. Write, call, or wire Marketing 
Manager, Precision Electrical Parts Dept. 


METALS & CONTROLS INC. 
8208 Forest St., Attleboro, Mass. 


A corporate division of 


INSTRUMENTS 


INCORPORATED 


TEXAS 
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these if the clutch were further up in 


| the system. 
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In cases where indexing accuracy is 
not a requirement there is an advan- 
tage in placing the clutch closer to the 
prime mover, assuming this gives 
higher speed. The lesser torque re- 
quired allows use of a smaller clutch. 
However, this must be weighed 


Fig 2 Clutch-brake unit used in RCA’s 
electromechanical printer for their 501 
data processing system. The Simplatrol 
CB-62, an adaptation of their standard 
CB-60 clutch-brake, accelerates and posi- 
tions the paper for each line of printing. 
This clutch-brake piles up 600 complete 
operations per minute (including the stop 
time while the line is being printed with 
the paper at rest). It holds the position 
from one line to the next to within 0.005 
— without the aid of any positive stops. 
Due to the flexible diaphragm action, 
when the clutch is engaged, there is no 
metal-to-metal contact, only smooth fric- 
tion material against smooth metal face, 
producing a consistent torque output no 
matter where contacted. The clutch is 
also used in the tape drive section of the 
RCA 501 system. Smoothness and quiet- 
ness of the clutch-brake was a major 
factor for its use in this business machine. 


against the effect of starting and 
stopping of the members between 
the clutch and the load increasing the 
energy transmitted through the clutch 
brake or friction facing at each start 
or stop which in turn increases the 
heating and wear. The choice then 
becomes largely a function of the 
cycle rate. eee 
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Servo gearheads, computer differentials, any gear 
assembly inspected rapidly, accurately 


ROTIFORM’S GEAR ANALYZER 


e MEASURES BACKLASH ANGLE ¢ INSPECTS BREAKAWAY TORQUE 


Accurate, vital data on gear trains obtained rapidly ... up to 
40 gearheads per hour... with the new Rotiform Gear Analyzer. 
In laboratory, production, inspection, testing ... the sure way 
to maximum product reliability. Minutes of arc backlash angle 
measured under reversing backlash torque adjustable over 
ranges from 1 to 48 oz. in. Breakaway torque checked over 
adjustable ranges from .002 to .150 oz. in. 
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1.675” dia. 


NEW SMALLER GEARMOTORS 


Globe Type FC planetary gearmotors are only % as big as the 
right-angle gearmotors they can replace, yet they give you: 
1. the same or more torque, 2. 101 standard gear ratios instead 
of the handfull usually available, 3. 5 to 7 times the life 
even with high inertia loads, 4. the ruggedness to meet MIL 
specs at a cost competitive with motors that can’t. If you 
don't have rigid environmental requirements Globe can furnish 
a commercial version in production quantities at a further 
saving. If you design with fhp gearmotors, investigate now. 

Globe has available for immediate shipment prototypes of 
the Type FC, 115 v.a.c. 60 cycle hysteresis synchronous motor 
in the following gear ratios: 352.6:1 (10.2 rpm, 160 oz. in. 
out), and 27.94:1 (64.4 rpm, 19 oz. in. out). For 115 v.a.c., 
400 cycles: 216:1 (55.5 rpm, 120 oz. in. out), Other variations 
including d.c. furnished promptly. Request Bulletin FCP from 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
INDUSTRIES, 
INC. 
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GINEERING 


DC-IN DC-OUT 
VARIABLE RELUCTANCE 
TRANSDUCER 


0 to 5 VDC 
output into 
100K or 
greater load 


4000 ohms 
nominal 
output 
impedance 


5 psi to 
5000 PSI 
Differential 
absolute 
or gage 


45 VDC 
max. input 


o— 
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TAVIS IS A DIVISION OF EDCLIFF 
INSTRUMENTS, MANUFACTURERS OF 
A COMPLETE LINE OF AC AND DC TRANSDUCERS 


TELEMETRY 
INDUSTRY 
AIRCRAFT 
MISSILES 


1711 SO. MOUNTAIN AVE 
MONROVIA, CALIF 


SEND FOR 
LITERATURE 
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introdiinia an alligator clip 
with a ‘microscopic tip”! 
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INSULATORS SOLD SEPARATELY. (Standard Red and 
Black colors. White, Blue, Yellow and Green also available.) 


FREE SAMPLE of clip and insulator, 


on request to factory 
WITT ytd while bs 
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1554W East 31st Street, Cleveland 14, Ohio 
CIRCLE NO. 52 ON INQUIRY CARD 








65 

















0-5 V DC OUTPUT 
PRESSURE 
TRANSDUCER 


FOR OPERATION to 250°F 


Ranges: 0.5 to 2,500 psi — gage or 
differential . .. 5 to 2,500 psi — 
absolute 


Accepts corrosive fluids — both sides 
Vo % full scale accuracy 


Designed for voltage controlled 
telemetering and other DC systems 


ad \ O49 = 


engi neerl ng compa ny 
13035 Saticoy Street 








North Hollywood, California 
TRiangle 7-7139 
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SWITCHES 
CONTACTS 


Components Filing Service is a 
procurement information center 
with up-to-date catalog information 
on the products of more than 300 
manufacturers of switches and con- 
tacts. Send a description of the 
switch you need and we will furnish 
you a list of manufacturers and 
sales representatives handling 
switches that meet your specifica- 
tions. 

This service will cost you less than 
$20 and save your engineering time 
for engineering work. 
COMPONENTS 

FILING 

SERVICE 

P.O. BOX 6250 





| 3g” dia. by 2-14”. 





New Components For 
Electromechanical Systems 


Miniature Reed Relays 


Encapsulated reed relays have up to 
12 poles in a package only 2-1” long 
(including leads) x 19/32” deep x 1- 
25/32” wide. A l-pole type is only 
Matching 2-and 4- 


|pole types are similarly miniaturized, 


light in weight and designed for maxi- 


| mum reliability on light load and dry 





_TUCSON, ARIZONA 
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circuit switching for hundreds of millions 
of operations. Operating elements of the 
relays are miniature dry reed switches 
glass-sealed in an inert gas. Standard 
units have 6 volt de operating coils and 
require approximately 0.2 watts per 
Contacts are normally rated 5 
watts resistive load with maximum life 
obtainable at de voltages of 12 or less. 


| Struthers-Dunn, Inc., Pitman, N.]. 


Write No. 326 in Box on Inquiry Card 








Electronic Hardware 


A line of closing, latching, locking and 
door-bolting hardware for electronics 
cabinetry features the compactness, 
lightweight and strength required in 
aircraft applications. Made _ primarily 
of stainless steel and aluminum alloys, 
products include: flush latches for 
horizontal or vertical installation in 
metal cabinets and on hinged panels, 
doors or drawers; door-bolting systems 
that prevent entrance or escape of 
moisture, dust and air; and quick re- 
lease over center latches for fastening 
covers, panels and hatches, or for 
cinching a compression gasket seal. 
Adams Rite Mfg., Co., Glendale, Calif. 
Write No. 484 in Box on Inquiry Card 











Milled Grid Thyratrons 


Exclusive milled grids for thyratron 
tubes bids well to revolutionize the con- 
trol of pulsating circuits. For many 
years, the big problem in these tubes 
was to get two or more that were bal- 
anced in performance characteristics. 
With conventional grids it was neces- 
sary to test and check many tubes to 
select balanced sets. With a milled 
grid, this is no longer required; every 
tube is always constant in character- 
istics. Half-wave, xenon filled, grid 
controlled thyratron rectifier tubes, 
available with these milled grids, are 
ideal for control circuits in welding 
equipment, static spray equipment, in- 
duction heating, motor control, variable 
voltage power supplies and other dif- 
ficult pulsating circuits. Tubes meet all 
mil spec requirements. Cetron Elec- 
tronic Corp., Geneva, Ill. 
Write No. 451 in Box on Inquiry Card 


Printed Circuit Pin Terminals 


Two new pin terminals designed for 
any 0.040 socket, such as a miniature 
tube socket have pin lengths of 0.300 
and 0.150 inches. Both parts have three 
staking shank lengths of 0.051, 0.082 
and 0.113 inches. The terminals may 
be used for staking to boards which are 
later encapsulated and individual pin 
arrangements can be made so that the 
standard tenth printed circuit grid may 
be utilized. Built to stand rugged use, 
these pins are precision machined in 
brass and are finished with hard gold 
over silver plate. Cambridge Thermionic 
Corp., Cambridge, Mass. 
Write No. 314 in Box on Inquiry Card 


High Speed Scalers 


Complete high speed scalers only 0.242 
cubic inch in size are being produced 
by Paraplegics Mfg. Co., Inc., Bensen- 
ville, Ill., a company owned and oper- 
ated by physically handicapped men 
and women. The scalers are modular 
in design and embody printed circuits 
complete with resistors, diodes and 
transistors. Heat sinks are employed to 
protect components during soldering 
operations. Following assembly, the 
units are checked for output voltage 
and wave form with a square wave gen- 
erator. The unusual dexterity of the 
physically handicapped enables them 
to specialize in precision operations on 
subminiature products. 
Write No. 411 in Box on Inquiry Card 
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Linear Potentiometer 

New, %” dia potentiometers differ 
from conventional types in that the 
resistive element embodies a_ solid 
raised track of conductive plastic, in- 
tegrally co-molded together with termi- 
nals and taps to an insulator base of 
high temperature phenolic resin of 
matched thermal expansion coefficient. 
The potentiometers have low electrical 
noise, virtually infinite resolution and 
withstands vibrations as well as shock 
loadings in excess of 100g. Markite 
Corp., New York, N. Y. 

Write No. 471 in Box on Inquiry Card 














Hi Temp Magnet Wire 


Employing a cross-linked polymer for 
insulation, high abrasion-resistant mag- 
net wire operates continuously at tem- 
peratures exceeding 260C. Its tough 
yet thin insulation overcomes the prob- 
lems of poor abrasion, cold flow, and 
resistance to impregnating and potting 
encountered with other high tempera- 
ture insulations. In tests conducted to 
MIL-W583B, the wire performed as 
high as 275% (average 169%) above 
the minimum requirements. Abrasion 
resistance averaged 750% above the 
minimum. In the stability test, voltages 
of 550% above the minimum were re- 
quired to break down the insulation. 
Hitemp Wires Co., Westbury, N. Y. 
Write No. 306 in Box on Inquiry Card 


Micro-Miniature Thermocouples 


“World’s smallest and most sensitive 
temperature sensors” meet the demand 
for fast, accurate temperature measure- 
ment instrumentation in the range from 
cryogenic environments to -+-3000°F. 
Its capabilities result from the small 
size of the thermocouple wire plus a 
variety of hot junction configurations. 
A response time of 13 msec has been 
achieved with the exposed junction con- 
figuration. Typical applications include 
rocket fuel temperature measurement, 
skin temperature on missiles and high 
speed aircraft and gas chromatography. 
Baldwin-Lima-Hamilton Corp., Wal- 
tham, Mass. 
Write No. 512 in Box on Inquiry Card 
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C Although we don't have too 
many reasons why it isn't. ) 


Just because the frequency response of 

our new 6 watt transistorized servo 
amplifier is extra good, someone had to suggest its use 
as a HI-FI component. He proved his case, too, by play- 
ing MANTOVANI through it without losing a string! 
Actually, the exceptional bandwidth which permits its 
operation on either 60 or 400 cycle carriers is only one of 
many features that make this amplifier outstanding. 
Low dynamic output impedance insures good linearity 
and minimizes distortion between “‘motor-line perform- 
ance”’ and “‘motor-amplifier performance’’. 
High (30K) input impedance permits operation from 
most of the common input sources. 
And high reliability has been achieved without the 
finality of potting; aluminum oxide particles provide 
good thermal conductivity at the same time affording 
protection against adverse environments. 
For additional information on this servo amplifier No. 
TA006-0A-100 write: Diehl Manufacturing Company, 
Somerville, New Jersey. 


SPECIFICATIONS 


Cat. No 
Output 


Tabelen 
ase Shift 


Noise 
Power Req 





tA Trademark of THE DIEHL MANUFACTURING COMPANY 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 
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Analog To Digital Converter 


Precise, shaft-position, optical (non- 
contacting) analog-to-digital encoder 
provides 8192 (2*) codes per revolu- 
tion without gearing. Modular plug-in 
components and self-contained spares 
enable field servicing without special 
tools or soldering devices. Provision is 
made for “go-no-go” testing from a re- 
mote location and for monitoring opera- 
tion during.a mission. Wayne/George 
Corp., Boston, Mass. 
Write No. 463 in Box on Inquiry Card 


DC Drive Amplifier 


Designed to drive de torque motors, 
now coming into wide use, a fully 
transistorized amplifier delivers 2 amps 
dc differential current into two terminal 
torquer. Input into amplifier can be 
either de or 40 cps. Sample gain: 200 
mv per 1 amp dc output current. Cur- 
rent feedback minimizes effects of tor- 
quer inductance on servo response. 
Unit operates from standard 28 v dc 
power. Control Technology Co., Inc., 
New York, N. Y. 
Write No. 455 in Box on Inquiry Card 


Step-Servo Drive 


A drive unit designed as a position 
actuator, operating with step-servo 
controllers and pulse sources, controls 
autotransformers independently of line 
frequency. Because the step-servo 
drive operates open loop without over- 
shoot, systems incorporating this bi- 
directional device do not require the 
compensation of conventional servo- 
mechanisms. Time for full scale travel, 
stepping increments and number of 
autotransformers actuated by a single 
drive unit varies to suit particular re- 
quirements. Automation Development 
Corp., Culver City, Calif. 
Write No. 482 in Box on Inquiry Card 


High Acceleration Servo Motor 


Size 8 servo motor has a low moment 
of inertia of 0.147 gram-gm’, giving an 
extremely high theoretical acceleration 
of 106,000 radians/per sec*. Its very 
low time constant of 0.00613 seconds 
provides very rapid response in servo 
systems. Weight is 1.25 oz, average; 
diameter, 0.75 inch; temperature 
range, ambient, is —55°C to 125°C; 
stall torque, 0.22 inch-ounces. Unit 
meets Mil-E-5272. Wright Machinery 
Co., Durham, N.C. 
Write No. 337 in Box on Inquiry Card 





Pulse Generating Modules 


New continuous pulse train generating 
modules act as pulse sources for step- 
servo motors and controllers for digital 
control applications. They operate on 
28+5 vde (160 ma max). All other 
output parameters are predetermined 
and match step-servo controller input 
requirements. Pulse ranges from 4 to 
16 pps up to 65 to 300 pps. Max 
weight: 2 oz. Automation Develop- 
ment Corp., Culver City, Calif. 
Write No. 542 in Box on Inquiry Card 


Latching Relay 


Designed to lie flat on printed circuit 
boards, a dual-coil, microminiature re- 
lay, 0.485” in height, enables close 
stacking of circuit boards. Remaining 
firmly latched in either armature posi- 
tion without applied coil power, it re- 
duces power supply drains of equip- 
ment using relays with long “on” times. 
It operates on a 3 millisec pulse at a 
nominal voltage at +25°C. Designed 
to operate in severe environments such 
as those encountered in missiles, the 
FL meets all applicable sections on Mil- 
R-25018, Mil-R-5757C, and ABMA-PD- 
R-187. Potter & Brumfield, Princeton, 
Ind. 
Write No. 378 in Box on Inquiry Card 
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SMOOTH AND FLAT AS A MIRROR! 


Extreme flatness and high polish are lesser-known 
qualities of KARAK (our versatile carbon graphite). 
The surface can be lapped to 1 light band and a 16 rms 
finish. Density can be extremely high. Surprising to 
design engineers familiar only with extruded carbons, 
KARAK can be harder than many of the hardest alloys 


(Scleroscope 100). 


As a hard, dense, self-lubricating material, chemically 
inert, electrically conductive to an exceptional degree, 
machinable to great accuracy and capable of a smooth 
finish and of surfaces resistant to heat-distortion, 
KARAK is destined for many unexpected new uses in 
the growing complex of modern industry. 


Write today for your copy of the KARAK data catalog. 
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describes a new service which provides complete, 


“clean” or “white” rooms in one 


package at one price — including installation and 
employee training. 31 construction and operational 


typical dust-controlled clean room 


Write for your free copy 


eZ Controlled Environment, Ine. 


52 Pickering Street @ Needham 92 @ Massachusetts 
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Subminiature Resistors 


Precision resistors contain special in- 
ternal flanges to securely fasten axial 
wire leads to resistor body, thus guard- 
ing against structural failure during as- 
sembly or subsequent use. Units come 
encapsulated in epoxy resin and meet 
MIL-R-93B for operation at ambient 
temperatures of 125°C. Sizes: from ¥% 
to 3/16” dia and from \%4 to 1” long. 
Power dissipation: from 1/20 to 44 
watt for largest styles. Shallcross Mfg. 
Co., Selma, No. Carolina. 
Write No. 375 in Box on Inquiry Card 


Micro-Diodes 


The first “true hermetically-sealed” 
micro-diodes are said to offer a degree 
of reliability not possible to obtain con- 
sistently with earlier micro-diodes. 
High temperature glass is melted di- 
rectly around diode to assure a hermet- 
ic seal, thus solving the problem of 
having silicon withstand direct contact 
with molten glass during manufacture. 
Operating and storage temperature 
range: —55 to +150°C; max power 
dissipation at 25°C: 100 mw; Zener 
voltage: between 5.1 and 10 v at 5 
ma. Transitron Electronic Corp., Wake- 
field, Mass. 
Write No. 541 in Box on Inquiry Card 


Cabinet Cooling 


Twinpax, a new concept in cabinet 
flushing fans, offers many advantages 
such as large air delivery, directed air 
flow, low noise level, minimum vertical 
space requirements and high efficiency 
filtering. Two fans, working in parallel, 
produce a delivery of 450 cfm free de- 
livery, or 400 cfm at 0.1” wg static 
pressure, — when operating on either 
208 vac 60 cps 3 phase or 115 vac 60 
cps 1 phase power. The fans are placed 
at an angle in the assembly, thereby 
directing the air flow at the most ad- 
vantageous path minimizing “dead 
spots” and eddying within the cabinet. 
The twin fans are noise-insulated from 
the metal assembly by means of a 
special material. Rotron Mfg. Co., Inc., 
Woodstock, N.Y. 
Write No. 418 in Box on Inquiry Card 


Silicon Rectifiers 


Stud-mounted rectifiers deliver up to 
20 amps at 150°C in half-wave cir- 
cuits; 60 amps in full wave circuits. 
Designed for power rectifier and mag- 
amp applications, the double-diffused, 
silicon junction units’ peak inverse volt- 
ages vary from 50 to 800 PIV. Trans- 
Sil Corp., Englewood, N. J. 
Write No. 459 in Box on Inquiry Card 


Synchro Receiver-Brake Combination 


Mil type unit consists of a synchro- 
receiver and an integral brake which 
locks receiver in position. The synchro 
may then act as a transmitter. Re- 
ceiver consists of a 26 v, 400 cycle syn- 
chro with 1.5° accuracy under all en- 
vironmental conditions and an integral 
brake solenoid available with 35 vdc, 
or 115 vde. Length: 2 3/16”; dia: 
1 1/16”; weight: 414 oz. John Oster 
Mfg. Co., Racine, Wis. 
Write No. 332 in Box on Inquiry Card 


Analog-Digital Converter 


Converting five million independent 
samples per second, an analog-digital 
converter has an accuracy of better 
than +0.4%. The model is assembled 
on printed circuit boards which plug 
into a module shelf. The basic cir- 
cuitry is built up with only seven basic 
sub-modules. All solid state components 
are used throughout. Analog input im- 
pendence up to 20,000 ohms +10%; 
full scale input voltage is 1 v. Digital 
output format is parallel seven binary 
digit, presented on seven lines plus a 
timing signal on an eighth line. A pulse 
on any line signifies a “one”; no pluse 
signifies a zero. Raytheon Co., Wal- 
tham, Mass. 
Write No. 339 in Box on Inquiry Card 
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e May be stud- 


e Highly efficient, 





mounted in any position. 


pendable, and compact, G-E 
59-frame Unitized motors 
feature a bearing lubrication 

*Registered trademark of General Electric Company. 


3.4-inch diameter Unitized 


Motors mount at any angle. 





HIGH-EFFICIENCY 


Vilized worors 


SHADED-POLE MOTORS FOR PORTABLE APPLIANCES, 
FANS AND BLOWERS, AND BUSINESS MACHINES 


or band-_ system requiring only annual 
reoiling. 

e 1550 rpm open motors rated 
through 1/15 horsepower; to- 
tally enclosed through 30 
millihorsepower. 


quiet, de- 


FREE BULLETIN: For complete technical data 
write to Section 727-05, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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OTHER PRODUCTS: SYNCHROS 
INTEGRALLY GEARED UNITS 

SYNCHRONOUS MOTORS 

INERTIA DAMPED UNITS .. 


RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INDUCTION GENERATORS DRAG CUP MOTORS 
PERMANENT MAGNET GENERATORS VELOCITY AND 

. AND SPECIAL DESIGNS. 


kollsman motor corporation 
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NEW COMPONENTS 


Subminiature Accelerometer 


Subminiature piezoelectric accelerom- 
eter permits many in-flight tests that 
normally could not have been con- 
ducted with standard size or miniature 
size pickups. The Model 606 is a stain- 
less steel accelerometer only 4” high, 
weighing just 1.0 gram. It has a sensi- 
tivity of 2.5 pk-mv/ pk-g and a fre- 
quency response of 5 cps to 10 ke, 
Maximum acceleration is given at 40.- 
000 g, amplitude linearity +2%, and 
temperature range —65 to 300 F for 
standard units and —65 to 500 F for 
high temperature units, with less than 
+10% variation in sensitivity through- 
out both temperature ranges. Columbia 
Research Labs., Woodlyne, Pa. 
Write No. 729 in Box on Inquiry Card 


Electronic Integrator 


Lectrocount, an electronic integrator 
for direct operation from a millivolt 
signal offers the advantages of null 
balance stability, ability to follow a 
rapidly changing input signal, output 
counts of up to 10,000 per minute and 
capability of integrating by monitoring 
input without using a recorder. Models 
for speeds of 1000 counts per min. or 


| less have an indicating counter and the 


| Solid-state static rel 


output consists of dry contact closures. 
It is claimed that accuracy is unaf- 
fected by normal variations in line volt- 
age and room temperature and that no 
adjustment is required for long periods 
of time. Royson Engineering Co., Hat- 
boro, Pa. 
Write No, 724 in Box on Inquiry Card 


Static Relay 


's’ design provide 


| a new approach to “failure elimination” 


in systems where optimum relay per- 
formance is mandatory. Units have 
positive snap-on, snap-off action, but 


| no contacts or points of any kind to 


as 


| corrode, wear, or “jar” open or closed. 


The relays can be mounted in any po- 
sition and the design is such that the 
actuating and load circuits are isolated 
from each other. Although this relay 
was designed primarily for airborne ap- 
plications, other models and modifica- 
tions can be made for data processing 
and computer systems, material han- 
dling systems and _ other systems. 
Model SRIA-1 measures 2” x 114” and 
weighs 0.4 Ibs; turn-on time is 100 
microseconds maximum with a signal 
voltage of 5 to 28 volts de applied; con- 
trol power is 0.004 watts. Magnetic 
Controls Co., Minneapolis, Minn. 
Write No. 361 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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Micro-Miniature Capacitors 
(laimed to be the smallest non-polar 


size is 0.100 x 0.090 x 0.065 max. Ac- 
tual weight tests show that more than 
forty of them equal the weight of one 
cigarette. aVlues range from 0.001 to 
(.0047 mfd which operate at 50 vnp 
and from 0.0068 to 0.047 mfd at lower 
voltages. They operate at full-rated 
voltage from —55 to +85°C. Com- 
ponents, Inc., Biddeford, Me. 
Write No. 364 in Box on Inquiry Card 


Tape Reader 


High-speed perforated tape reader op- 
erates on loops or strips of tape. A 
bi-directional spooler is available at 
speeds up to 300 characters per sec- 
ond, with eight in. reels. Part of the 
completely transistorized circuits are 
two flip-flops which provide reliable 
control of the four solenoids used to 
control start and stop in either direc- 
tion. The photoelectric reader senses 
tape perforations by means of silicon 
photodiodes which are set permanently 
in the head, with the diode lens pro- 
truding. The self-cleaning effect pre- 
vents accumulation of lint and the pos- 
sibility of reading errors. The polishing 
of the paper or Mylar against the lens 
improves sensitivity. Digitronics Corp., 
Albertson, N.Y. 
Write No. 692 in Box on Inquiry Card 


Acceleration Switch 


solid tantalum capacitor made, unit’s | 





An acceleration sensing switch operates | 


in the low milli-G-range. Gas damping 
provides proper time delay or integra- 
tion before switch closes. No heaters 
are required and there is no warm-up 
time because gas damping works virtu- 
ally independently of temperature. 
Normally mounted level, unit can be 
used as a tilt switch since its threshold 


value equals a tilt angle of 814°. Kear- | 


fott Div., General Precision, Inc., Little 
Falls, N. J. 
Write No. 535 in Box on Inquiry Card 


Lightweight Power Supplies 


A transistor-regulated power supply for 
use in lightweight, miniaturized equip- 
ment weighs one pound, handles 115 
volts, 400 cycle input voltage and de- 
livers 20 volts de, continuously adjust- 
able over a 10% range with an external 
potentiometer. The complete model 
measures 27@” x 214” x 414”. It oper- 
ates at ambient temperatures from 0°C 
to 65°C. Short circuit protection pre- 
vents the power supply from damage 
when output terminals are shortened. 
Hycon Mfg. Co., Pasadena, Calif. 
Write No. 534 in Box on Inquiry Card 
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Get in touch wih 


(Somar 


Simplify your relay problems . . . avoid 
costly delays... put your relay requirements 
in the hands of trained, competent 
engineers at Comar. A variety of standard 
basic designs are available at Comar which 
can be modified to give you any desired 
combination of coils, switch arrangements, 
contact materials, insulation and 
mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 





details and get our recommendations 
quickly ... without obligation. Write today. 






HERMETIC SEALING 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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Five basic types—Plain or hard- 
ened pinions—Tapped holes on 
mounting faces — Split, center 
tapped or plain control phase 
windings for 26 or 36 volt oper- 
ation—26 volt fixed phase. 

All types have .35 In.-0z. 
minimum stall torque. 


* HARDENED PINIONS 
©125°C AMBIENT 
°* HIGH TORQUE 


| “Lowmar 









Six types available—26 or 115 
volt fixed phase—Split, center 
tapped or plain control phase 
for 26 or 36 volt operation. 
High compression glass molded 
terminals, extremely shock re- 
sistant, meet high altitude 
specifications. High torque 
throughout ambient tem- 

perature range. 





BOWMAR MOTOR C2) BOWMAR GEARHEAD 


You get exclusive “one-stop” capability in Servo Motors 
and Servo Motor Assemblies from Bowmar. You may ob- 
tain motors alone, or wedded with precision Bowmar 
Gearheads, multispeed “‘ELECTROSHIFT” Gearchangers 
and other components. They are also available in 
complete Bowmar-designed Servo Packages. All Bow- 
mar Servo Motors have slotted shafts at terminal 
ends to facilitate checking of total lost motion 
(backlash) AFTER assembly. to other compo- 
nents. Electrical and mechanical characteris- 
tics of all Bowmar Servo Motors may be 
changed to meet customer requirements. 


SEND FOR “SM” DATA PACKAGE 


a INSTRUMENT 





* CORPORATION 


-/8000 BLUFFTON ROAD 
/ FORT WAYNE, INDIANA 


PRECISION MECHANICAL CO PONENTS, PRECISION 
COUNTERS AND Wag ol PRECISION TIMING 
DEVICES, PRECISION ELECTRO 


AND: PROGRAMMING 
MECHANICAL DEVICES, PRECISION SERVO PACKAGES 
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Silicon Power Supply 


At 71°C ambient air, an all silicon power supply performs 
continuously at full load, maximum line. It uses convec- 
tion cooling with no blowers or moving parts. Entire 
circuit of semiconductors gives almost twice the efficiency 
of comparable vacuum tube supplies, according to the 
manufacturer. Transformer and choke are hermetically 
sealed and meet the requirements of Mil-T-25. Computer 
grade capacitors are used in all filter circuits, and remote 
sensing is provided. Finely adjustable potentiometer and 
circuit breaker protects against short circuit and overload 
and regulator circuit prevents semiconductor damage. A 
voltmeter and a milliameter are on the front panel. Line 
regulation is less than 0.05% change in output voltage for 
input variations from 105 — 125 volts ac. Load regulation 
is less than 0.1% change in output voltage for load varia- 
tions from zero to full load. Ripple and noise is less than 
5 millivolts rms. Power Sources, Inc., Burlington, Mass. 
Write No. 308 in Box on Inquiry Card 


Multiple Diodes 


Consisting of two or three semiconductor diodes packaged 
as single integrated units, multiple diodes are expected 
to simplify the assembly of computers by reducing the 
number of separate components and electronic connections. 
The small, individual, two-terminal devices translate com- 
plex questions, into computer language, by reducing them 
to a series of “yeses” and “noes”. Characteristics include: 
forward voltage drop at 5 milliamperes — 0.4 volts max., 
reverse breakdown voltage — 20 volts, reverse current at 
2 volts (55°C junction temperature) — 15 microamperes 
maximum, a 0.25 microsecond maximum recovery time 
when switching from 20 milliamperes forward current to 
6 volts reverse bias. Radio Corporation of America, New 
York, New York. 
Write No. 300 in Box on Inquiry Card 


Paper Tubular Capacitors 


Providing ruggedness and moisture- and _ heat-resistance 
approaching those of a molded capacitor, a new capacitor 
achieves its characteristics principally through a “triclad” 
tube — a kraft exterior bonded to a foil-film shield. Ratings 
of 0.001 through 1 mfd., at 400, 600, 1000 and 1600v are 
available. Dimensions range from %4”x1” to 1” x 25%” 
Wide range of applications includes dc, ac, and pulsed dc. 
Capacitor operates over temperatures from —40 to 
+-125°C., with no derating. Cornell-Dubilier Electronics, 
Newark, N. J. 
Write No. 302 in Box on Inquiry Card 


Explosion-Proof Potentiometer 


Encapsulated molded-composition potentiometer for ex- 
plosion-proof and waterproof applications incorporates a 
patented perimeter track which allows the unit to be rated 
at three watts for standard applications and two watts for 
military specifications (MIL-R-94B). With a maximum 
operating temperature of 125°C and a life of 100,000 
rotations under full load, the pot’s resistive values range 
from 100 ohms to five megohms, with a tolerance of 10%. 
Reon Resistor Corp., Yonkers, N. Y. 
Write No. 310 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 





Long-Li 


Miniatu 
informa 
plate, n 
hardene 
peratur 
in nylor 
Metal-t 
graphit 
driven 

millivol 
load. } 


Size 8 


Incorp 
size 8 § 
eters 

where 
sensiti' 
new n 
celerat 
perfor 
0.35 1 
featuré 
low te 
Worce 


Micro 


Perfor 
0.050’ 
film r 
ambie 
at 15 
ohms 
coppe 
sistan 
humic 
unaffe 
betwe 
be se 
order 
Cons] 


Minu 


Moto 
devel 
are © 
Relia 
rate 

speec 
widtl 
with 
ident 
stant 





a co 
simil 
and 

subs' 
Prod 


AUGL 








erforms 
convec- 
Entire 
ficiency 
to the 
tically 
mmputer 
remote 
ter and 
verload 
age. A 
l. Line 
age for 
rulation 
| varia- 
ss than 
lass. 


ckaged 
pected 
ng the 
sctions. 
e com- 
x them 
clude: 
; max., 
rent at 
nperes 
y time 
‘ent to 
, New 


stance 
yacitor 
‘iclad” 
atings 
Ov are 
" 2% ” 
ed de. 
LO to 
‘onics, 


r ex- 
ites a 
rated 
ts for 
imum 
0,000 
range 
10%. 


ESIGN 





Long-Life Commutation Switch 


Miniaturized commutation switch handles 180 channels of 
information with a plate only 134 inches in diameter. The 
plate, made from Supramica 555 ceramoplastic with super- 
hardened gold-plated contacts, operates efficiently in tem- 
peratures as high as 650 F. Metal brushes are mounted 
in nylon to eliminate bounce and give sharp, clean signals. 
Metal-to-metal wiping action eliminates the problem of 
graphite build-up on the contacts. The switch can be 
driven at up to 1,800 rpm. Noise level is less than a 
millivolt when 5-volt signals are switched into a 150-ohm 
load. Mycalex Electronics, Clifton, N. J. 
Write No. 301 in Box on Inquiry Card 


Size 8 Servomotor 


Incorporating a low inertia rotor and high torque output, 
size 8 servomotor eliminates the need for damping tachom- 
eters in specific applications. In_ positioning servos, 
where a fairly high amplifier gain is necessary due to high 
sensitivity or high dynamic response requirements, the 
new motor’s high torque-to-inertia ratio (theoretical ac- 
celeration of 130,000 rad/sec*) may often suffice for stable 
performance. No load speed is 10,000 rpm, stall torque — 
0.35 min., and max. power output is 0.6 watts. Other 
features include 115 volt windings, fully encapsulated, 
low temperature rise and high efficiency. Daystrom, Inc., 
Worcester, Pa. 
Write No. 304 in Box on Inquiry Card 


Micro Miniature Resistors 


Performance characteristics of resistors, 0.135” long and 
0.050” in diameter, compare to those of much larger metal 
film resistors. Units are rated ¥g watt, 250 volts in an 
ambient temperature of 100°C, and derated to zero load 
at 150°C. They cover the range from 25 ohms to 110k 
ohms at either 1% or 2% tolerance. Leads of soft, tinned 
copper are 1” long and 0.016” in diameter. Highly re- 
sistant to oxidation, impervious to moisture and high 
humidity conditions, the noble metal film resistors are 
unaffected by low temperatures and to temperature cycling 
between —55 and +150°C. Temperature coefficient may 
be selected at either 50 or 100 ppm/°C, or on special 
order at 25 ppm/°C. American Components, Inc., 
Conshohocken, Pa. 
Write No. 305 in Box on Inquiry Card 


Minuteman Transistors 


Motorola’s reliable mesa switching and amplifier transistors, 
developed specifically for the Air Force Minuteman missile, 
are now available for other critical military applications. 
Reliability goal for the transistors is a (guaranteed) failure 
rate of less than 0.0007% per thousand hours. A high 
speed mesa computer transistor with a current-gain-band- 
width product of 350 megacycles, the 101B is furnished 
with all test data corroborating the reliability specs. The 
identical transistor (101A) is available without the sub- 
stantiating data at somewhat reduced cost. Type 201, 
a companion transistor for amplifier applications having 
similar characteristics, is also available with subscripts A 
and B denoting a price structure which depends upon the 
substantiating data supplied. Motorola Semiconductor 
Products Inc., Phoenix, Ariz. 
Write No. 548 in Box on Inquiry Card 
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STANDARD + MINIATURE 
COMPUTING DIFFERENTIALS 


The ultimate in precision differentials for computer applications. 
Available from stock in single and double pinion models. Hollow 
shaft design and readily interchangeable end-gears simplify 
field installation and maintenance. 


Specifications: Speed: Up to 10,000 r.p.m. Torque: To 32 
in-oz. Starting Torque: 0.01 in-oz. Backlash: As low as 1.5 
minutes of arc. End gearing: Completely interchangeable. 


DESIGN * PROTOTYPING * PRODUCTION 
BY USING REEVES SERVO-MECHANICAL PARTS 


Computing Differentials are only one 
product in the COMPLETE Reeves Series 
of high-precision Servo-Mechanical 
Parts, recognized by engineers as an 
industry standard for highest accuracy 
and reliability. 












If you do not have the catalog, write 
for Data File No. 408. 


¢ See our display at WESCON 
Booths 3216 and 3218 


t Fie 
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L-shaped variable 
pole arm for 100% 
starting reliability 


Pad 


Variable Pole Synchronous Motor 


Constant speed motor uses an L-shaped 
variable pole arm to prevent failure in 
starting because of being on dead cen- 
ter. According to company engineers, 
this permanent magnet motor is the 
only one on the market with this im- 
portant engineering feature. The small 
L-shaped arm, an inexpensive stamp- 
ing, is riveted on the rotor. If rotor 
poles should possibly stop on dead cen- 
ter, magnetism induced in the variable 
pole arm by the field coil starts rotor 
into motion. This gives both permanent 
and alternating polarity to the rotor. 
Lake City, Inc., Crystal Lake, II. 
Write No. 527 in Box on Inquiry Card 














Self-Locking Insert 


In fastening applications up to 1200°F, 
a self locking insert eliminates seizure 
and galling. The insert attains its unique 
locking effect from a “grip coil” 
midway in its length which renders 
unnecessary the use of lock-nuts, lock- 
washers and lock-wiring. The bolt, 
when screwed through the threads of 
the insert, forces the flat chords of the 
“grip coil” to conform to the usual 
thread shape; the chords maintain a 
uniform locking effect on the bolt, 
even after repeated use. Heli-Coil 
Corp., Danbury, Conn. 
Write No. 536 in Box on Inquiry Card 


Silicon Controlled Rectifier 


Miniature “Thyrode” silicon controlled 
rectifiers weighing 1/10 oz. can replace 
mechanical relays where load currents 
of one amp are required. Units have 
peak reverse voltage ratings of 20, 30, 
50, 70, 100, 150, and 200 volts. The 
low operating current range permits 
highly efficient power switching on such 
applications as computer circuitry, tem- 
perature control, servo-mechanisms, ac 
and de motor control and airborne 
printed circuitry. International Rectifier 
Corp., El Segundo, Calif. 
Write No, 706 in Box on Inquiry Card 





Silicon Rectifiers 


Encapsulated silicon rectifiers, rated at 
600 volts maximum peak reverse volt- 
age, can be used at up to 420 volts rums 
in resistive and inductive circuits, and 
up to 215 volts rms on capacitive loads, 
Rated at 750 milliamps continuous at 
50°C and 500 milliamps at 85°C ambi- 
ent, the units can be stored at tem- 
peratures from —55 to +100°C. Full 
load forward voltage drop, full cycle 
average at 85°C, is 0.5 volt; maximum 
leakage current is 250 microamps. Rec- 
tifiers have passed four times the hu- 
midity test requirements of Mil-202A 
method 106 for hermetically sealed 
units. P. R. Mallory & Co. Inc., Du 
Quoin, Il. 
Write No. 313 in Box on Inquiry Card 


Linear Transformer 


Capable of delivering 14 watt into a 
500 ohm load, size 8 linear transformers 
retain 0.33% linearity over +30° range; 
over +50° range for 3000 ohm load. 
It has a 26 volt, 400 cycle input, with 
phase shift control capabilities to +30’. 
Unit meets mil spec requirements for 
1200 hours rotational life and all condi- 
tions of Mil-E-5272 and Mil-E-5400. 
IMC Magnetics Corp., Maywood, Calif. 
Write No. 389 in Box on Inquiry Card 
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ULTRA-LOW TEMPERATURE CABINETS 


for 


@ Research 
@ Storage 
@ Seasoning 
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all units. 


Industrial Products Div., 
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Setting Trends in Refrigeration Since 1938 


CIRCLE NO. 55 ON INQUIRY CARD 


74 





Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within +1°. Optional accessories 
are offered. Immediate delivery on 


For your FREE copy of the helpful 
folder, “‘Selecting a low temperature 
cabinet,” write Revco, Dept. EMD-81 


CQ 


Versatility of ten ratios. . 
speed can be quickly selected at the turn of a dial, 
without stopping the input shaft. Geared design pro- 
vides exact repeatability and non-slip drive . . 
for new instrument design, breadboards, general labo- 
ratory applications. 

OIL BATH LUBRICATION . .. SPEEDS UP TO 3000 


R.P.M. . . . TORQUE TO 50 OZ.-IN. . . . VARIETY OF 
MOUNTING ARRANGEMENTS. 


DIVISION OF BARRY WRIGHT CORP 
GROTON. MASSACHUSETTS 






Approximately 
1/3 Actual Size 


INSCO 


STEP-FUNCTION SPEED REDUCTOR 


AN INSTRUMENT TRANSMISSION 
FOR PRECISE MULTIPLE SELECTION 
OF SHAFT SPEEDS 


. to 1000:1! Desired shaft 


. ideal 


CHART DRIVES @ SPEED REDUCTORS ¢ INSTRUMENT DRIVE SYSTEMS 


INSCO courany 
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Microminiature Relay 


A de magnetic latch relay with rotary 
balanced construction maintains actu- 
ated condition without continuous 
power drain and provides excellent sta- 
bility and long life. SPDT sensitivity 
at pull-in at 25°C is 150 MW or better; 
DPTD 300 sensitivity or better. Op- 
tional terminal arrangement of long 
or short leads for printed circuit boards 
or hook terminals for standard wiring 
are available. Hi-G, Inec., Windsor 
Locks, Conn. 
Write No. 351 in Box on Inquiry Card 


“Silent” Solenoid 


Close tolerances between plunger and 
plunger cavity, in solenoid design 
eliminates cycle chatter common to 
ac solenoids. Unit incorporates a 
relief valve mechanism which opens at 
21 psig and has zero leakage from 
0 — 15 psig. Operating continuously 
at 225°F ambient air temperature and 
weighing only 0.34 Ibs., the solenoid 
produces a force of 1.3 Ibs. at a stroke 
of 0.025 ins. It measures approx. 
1.375” x 1.435”, and requires 108/121 
vac at 384/420 cycles. Meets Mil-S- 
4040. Rocker Solenoid Co., Wilming- 
ton, Calif. 
Write No. 311 in Box on Inquiry Card 


Rotary Tap Switches 


Conservatively rated to break 1 amp at 
115 vac (resistive circuit) and to carry 
5 amperes, midget tap switches indi- 
cate a life expectancy of 100,00 cycles. 
The single deck, single pole enclosed 
rotary switch can be provided with 2-6 
positions, with stops standard on 2-5 
positions, and 6 positions normally sup- 
plied as continuous rotation. They in- 
corporate 60° indexing with a stop 
strength of 10 lb-in, and a rotational 
torque of approximately 12  oz-in. 
Grayhill, Inc., La Grange, Il. 
Write No. 341 in Box on Inquiry Card 


Constant Voltage Supply 


Said to avoid all problems resulting 
from manual or “automatic” standardi- 
zation, a voltage source eliminates the 
need for standard cells, mechanisms, 
batteries and associated components. 
It can replace the battery in any poten- 
tiometer recorder, requiring 6 ma or 
less measuring circuit current at nomi- 
nal 1.029 vde. The supply provides 
precise regulation with highly accurate 
temperature compensation. It can also 
be used for a bridge circuit power 
supply. West Instrument Corp., Chi- 
cago, Ill. 
Write No. 450 in Box on Inquiry Card 


Linear Actuator 
Measuring 14 7/16” by 134” by 3 
34” and weighing 3 lbs 14 ozs, a 
linear actuator uses a dc motor to 
operate a precision ball screw and pro- 
vides 500 Ibs over a 6” stroke. Rate of 
travel, fixed at 10 inches per minute, 
can be adjusted at the factory. Maxi- 
mum allowable tension or compression 
load is 2500 lbs. Actuator meets specs 
for environment and radio noise shield- 
ing. Temp range: —65 to 300°F. 
Unit operates on 27 to 100 vde; uni- 
versal ac/dc operation is also available. 
Globe Industries, Inc., Dayton, Ohio. 
Write No. 543 in Box on Inquiry Card 


Silicon Controlled Switch 


Silicon controlled switches offer firing 
control to within +.08 v, a sensitivity 
of 20 va firing and surge capability to 
10 amperes. Handling peak recurrent 
pulse curents of 5 amperes, the new 
devices make possible miniaturization 
of squib firing circuits with no sacri- 
fice in design margin. Their low 1 ma 
holding current level makes them par- 
ticularly useful in programming, con- 
trol, and logic applications. Mil-S-19500 
capability is assured. Solid State 
Products, Inc., Salem, Mass. 
Write No. 486 in Box on Inquiry Card 
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for millions of 
precision motions... 


THE WORLD 
TURNS TO 
DYNACO 


If you're looking for proto- 
type precision in quantity pro- 
duction with immediate de- 
livery schedules, you just can’t 
beat DYNACO Precision Stock 
Gears and Assemblies, engi- 
neered to answer every con- 
ceivable transmission require- 
ment. 


More than 50,000 different 
off-the-shelf gears and compo- 
nents are listed in Dynamic’s 
Catalog F-128. Send for your 
copy today. 


@ product of 
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NEW COMPONENTS 





Miniature Relay 


Magnetic reed relays less than one half 
the conventional size combine highly 
stable contact resistance over a long 
life with high switching speed. Their 
gold contacts, magnetically actuated, 
are hermetically sealed inside a glass 
capsule in an atmosphere of inert gas. 
Dimensions: relay body (coil) 7%” 
long, 7/16” dia; over-all length with 
standard solder terminals, 1-1/2”. 
Magnecraft Electric Co., Chicago, IIl. 
Write No. 529 in Box on Inquiry Card 


Frequency to Analog Transducer 


With accuracy and stability guaranteed, 
transducer uses static elements to pro- 
duce de meter current directly propor- 
tional to input frequency or pulse rate. 
For standard 214” D’arsonnal meter, 
accuracy is +1% of full scale; for larger 
instruments, +'14%. Seven standard 
models cover the range 15 cps to 12,000 
cps (to 100 ke upon request). Pioneer 
Magnetics Inc., Santa Monica, Calif. 
Write No. 435 in Box on Inquiry Card 


High-Speed Printer 


A 26 column, completely transistorized, 
numeric printer serves as a system 
readout in checking the Skybolt missile. 
Forming a small package and able to 
operate under extreme environmental 
conditions, the unit operates at speeds 
up to 600 lines per minute, and has a 
self-contained paper supply and take- 
up. It gives a permanent, printed rec- 
ord as well as go, no go indications. 
Potter Instrument Co., Plainview, Long 
Island, N. Y. 
Write No. 309 in Box on Inquiry Card 


Miniature Cycling Timer 


Hermetically sealed military timers pro- 
vide accuracy and reliability under 
severe operating conditions within a 
range of 5 sec to 30 hrs. Newly de- 
signed 400-cycle and 60-cycle motors 
achieve compactness and light weight. 
Switch-actuated cams, precision-cut to 
cycling time requirements, give an ac- 
curacy of 1° at operating point of any 
one circuit or 2° between operating 
points of two circuits. Unit has met 
mil tests, including operation at 70,000 
ft, vibration from 10 to 2000 cps at 
20 G’s, and 50-G 11-ms shock. Cramer 
Controls Corp., Centerbrook, Conn. 
Write No. 518 in Box on Inquiry Card 


Tachometers 


Representing significant technical ad- 
vances in dc tachometers, particularly 
along the lines of reducing armature 
inertia and overall weight and size, a 
new unit weighs less than 1% oz, has an 
overall dia. of %” and an armature 
inertia of 3.5 gm-cm?. Other principle 
dimensions are identical to size 8 motor 
standards. Unit has the same linearity 
(1/10 of 1%) as larger units. With 
output of three volts per 1000 rpm and 
rms value of the ripple does not exceed 
3% of the de output. Servo-Tek Prod., 
Inc., Hawthorne, N. J. 
Write No. 707 in Box on Inquiry Card 


Electro-Pneumatic Converter 


With an accuracy 0.5% of full scale a 
versatile unit converts dc voltage or 
current into pneumatic pressure signals. 
It accepts input signals of 1 to 9 v or 
ma de; output ranges from 0 to 30 psi. 
A completely waterproof housing leaves 
the unit unaffected by ambient tem- 
peratures up to 120°F. Frequency 
response: 2.5 cps; repeatability: 0.1% 
of full scale; sensitivity: 0.025% of full 
scale. Hagan Chemicals & Controls, 
Inc., Pittsburgh 30, Pa. 
Write No. 426 in Box on Inquiry Card 
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Self-Aligning 
and 


Self-Lubricating 


‘ae’ SPHERICAL BEARINGS 










ROD END EXTERNAL 
THREAD TYPE 
“DREM” SERIES 


e * 
Combine Meneball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’”® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 


1. LOWER COEFFICIENT OF FRICTION 


...ideal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION 


... perfect performance under shock load conditions. 


3. WILL NOT “COLD-FLOW” 
...even under extreme load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 


...eliminates corrosion problems. 


5. FAIL-SAFE ...due to “Monoball”® design. 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


In addition, due to their two-piece ““MONOBALL’’® 
design and plastic alloy insert, ““DYFLON’’® bear- 
ings have a long cycle life. Alignment and installa- 


tion problems are minimized. Oil-free for life 
means lowest possible maintenance costs. 


Available in a variety of plain or rod end types. 


Bore sizes to 3.000”. Materials include stainless 


steel, plastic alloys and chrome alloy steels. Ulti- 
mate static loads to 500,000 lbs. 


1705 SO. MOUNTAIN AVE. 


MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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Now that we know that the moon isn’t made of cheese (we know, don’t we?), 
can we get the man in the moon to say cheese? Itek Labs. of Lexington, 
Mass., will conduct a research and study program intended to pave the way 
for the eventual development of cameras which can produce images of un- 
precedented clarity under the effects of severe space environment. The Labora- 
tories’ scientists will study the effects of environmental factors on a large, 
precision optical system which they will design and build to represent a 
typical high-performance aerospace reconnaissance sensor. “The operational 
requirements are such that the precision in optical equipment which we foresee 
will be more that of large astronomical telescopes than that of classical aerial 
cameras,” Dr. F. Dow Smith, Dir. of the Labs.’ Graphic Information Res. 
Div., declared. The Aeronautical System Div. of Wright-Patterson Air Force 
Base awarded a million dollar contract for this work. 


Compatible techniques for the fabrication of integrated circuit functions will 
be explored by Motorola Semiconductor Products Div. under an Air Force 
contract totaling $1,473,094. Combining semiconductor processes and _ thin- 
film technology, Motorola will investigate epitaxial form control growth as a 
means of obtaining single-crystal circuit functions, abrupt junction formations, 
graded junction formations, P and N type layers of controllable thickness, 
formations of a multiplicity of P and N layers with controllable lifetime and 
impurity concentrations, and compatible masking techniques. The Semicon- 
ductor Div. will work jointly with Motorola’s Solid State Research Lab. for 
research and development on the thin-film functions. Once feasibility of 
individual fabrication methods has been established, Motorola will combine 
specific functions into integrated circuit functional models. 


Atomic movement in solids will be studied in the University of Arizona's 
solid state physics laboratory by Dr. Carl T. Tomizuka, professor of physics, 
under support of a one-year $39,000 renewable contract from the U. S. Atomic 
Energy Commission. A recognized authority on solid state physics research, 
Tomizuka will work with silver halide solids such as silver bromide in an 
attempt to demonstrate that “the mechanism of mass motion in solids will 
change when high pressure is applied. Behavior patterns of various known 
impurities in the otherwise pure metals will also be studied.” Tomizuka will 
employ the high pressure technique, the radioactive tracer method, and elec- 
trical conductivity measurements of the solids. Extremely high pressures of 
up to 150,000 pounds p.s.i. can be applied to solids in the new U of A 
laboratory. 


BRIEFLY: 


$1,436,769 to Ampex Corp., Redwood City, Calif., 
from Navy Bureau of Ships. 


Magnetic tape 
recorder/reproducers: 
Weapon systems: $40 million to Sanders Associates, Nashua, N. H. 


$1 million to the Siegler Corp., L. A., Calif., for 
Air Force space and satellite programs. 


Antenna equipment: 


Missile radars: $2,293,000 to 


Pomona. 


Raytheon Co. from Convair/ 


$250,000 to Continental Connector Corp., Long 
Island City, N. Y., from Burroughs Corp. 


Computer connectors: 


AUGUST 1961 








WikivaelaRe 






> | 
aa | . 
= 
a Backed by | r 
C ® over 10 years > 
“@ experience 2B 
ar in Suncing oF 
w Precision 3 
-£ POTENTIOMETERS eg 
ie and eed 
© DIGITOMETERS = 
we are now ae: 
offering to you ) 
the NEW f 






Sauane tien ia 
Rotary 
Switch 








You will find 

the same 

high standards 
of workmanship 
resulting in 
heretofore 
unobtainable 
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This switch is 
presently used in 
aircraft and missiles. 


Available in single or multi- 
gang assemblies and/or in 
combination with potentiom- 
eters of all sizes. 





Certified calibration data sup- | 
plied with each instrument. 


BO ei POR 


For Engineering Data Sheet 
giving further details, please 
write 

or telephone ST 6-3402 


Teletype: NY4-2126 
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ELECTRO-MEC 


47-51 33 Street 
Long Island City 1 
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POLARIS fj PROVEN 
CONNECTORS 


LIONEL 


Series WM-20 


Extra Reliability With— 
e Rugged Die-Cast Housings 
e Diallyl Phthalate Moldings 





e Beryllium Copper Contacts 
For Extended 
Insertion/Withdrawal Life 





Five sizes, 34 to 104 contact 
range e Also available for 
#16 wire terminations e Meet 
applicable MIL specs 

e Materials & specifications 
modified to meet your 

special needs — 


a Write for Series WM-20 
Dimensional Data Sheets 


Lionel 
Electronic 
Laboratories 


(Formerly Anton Electronic Laboratories) 
1226 Flushing Ave. 


Brooklyn 37, N.Y. 
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| and clamp type hubs. 











For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








Power Supplies 975 


Covering the latest development in regulated 
transistorized power supplies, catalog lists 
complete specifications and latest engineering 
features of units. Insert has a complete line 
resume of the major products of company. 
(6 pp). Harrison Labs., Inc., Berkeley Heights, 
N. J. 


Miniature Flexible Couplings 985 


Brochure combines data on 1/2, 52, 34, 1, and 
12-inch O.D. couplings with both set screw 
Graphs plot lateral 


| deflection vs. flex force and torsional deflec- 


| ing pressures. 


tion vs. torque. Unit’s leaf design allows 
misalignments with minimum resultant bear- 
(14 pp) Naugler Engineering, 


| Inc., Beverly, Mass. 





| wormgear 


DC Power Supply 980 


Power supply, in the 100-watt range, retains 
advantages of static-magnetic supplies and 
adds shunt type transistor control to provide 
a closer regulation of the dc output voltage. 
Brochure lists 10 advantages and discusses 


theory of operation. Sola Electric Co., Elk 
Grove Village, Ill. 
Piezoelectricity 982 


Principal existing and potential uses of piezo- 
electricity are discussed in a booklet that com- 
pares the performance characteristics of all 
major piezoelectric substances. Electromechan- 
ical properties and useful service temperature 
ranges of piezoelectric elements are also in- 


cluded. (16 pp). Clevite Corp., Bedford, 
Ohio. 
Coaxial Relays and Switches 995 


New catalog contains resume of the chief 
characteristics and operating principles of the 
coaxial switch and complete summary of 125 
standard switches. Catalog enables the reader 
to quickly find the coaxial switch needed, to- 
gether with all necessary information pertain- 
ing to it. (28 pp). RF Prods., Div. Amphenol 
Borg, Chicago, Ill. 


Actuated Potentiometers 963 


Summarizing key information on leadscrew and 
actuated potentiometers, brochure 
contains specs and prices on 13 models. Cut- 
away drawings illustrate outstanding features 
found in all models. These precision pots are 
used for matching, balancing and adjusting cir- 
cuit variables in computers and telemetering 
equip. (4 pp) Bourns. Inc., Riverside, Calif. 


Transformers 966 


Listing almost 900 stock transformers, a cata- 
log is said to be the first to offer such a 
choice of types. They range from units for 
high reliability military applications to low 
cost commercial transformers. Complete specs 
are given and, where applicable, perform- 
ance curves are included. (34 pp) Chicago 
Standard Transformer Corp., Chicago, Ill. 


R-F Impedance Plotter 970 


Providing instantaneous display of imped- 
ance as a continuous function of frequency 
in the 10 to 3000 mc/s range, an impedance 
chart plotter is designed to supply peak ac- 
curacy with new speed and simplicity. Book- 
let explains how the instrument completely 
eliminates tedious procedures required by the 
slotted line technique by immediate display 
of load changes during network adjustments. 
The plotter gives VSWR uncertainty as low 
as 1.01. Oscilloscope trace may be directly 
photographed for permanent recording, or 
an X-Y chart recorder may be used. (4 pp) 
Dielectric Products Engineering Co., Raymond, 
Maine. 


Magnetic Preamplifiers 984 


The fundamentals of how to design low level 
and common mode isolation instrumentation 
and controls using magnetic amplifiers are 
explained. Described are amplifiers for 
thermocouples, strain gages, photocells, and 
other low level signals. (6 pp) Acromag, 
Inc., Southfield, Mich. 


Resolvers and Synchros 959 


Fundamental engineering data in easy-to-read 
form on 200 resolvers and synchros. Ten 
basic parameters are covered for each unit. 
A quick reference to the input voltage, im- 
pedance and transformation ratio values aid in 
the application of these high precision servo 
components. Units are grouped in terms of 
size and winding compensation. (6 pp). 
American Electronics, Inc., Instrument Div., 
Culver City, Calif. 


Temperature Controls 992 


Brief descriptions and specs are given for 
seventeen different types of temperature con- 
trols. Brochure is a handy reference folder 
for deciding on a controller best suited for 
a particular requirement. Covered are twelve 
thermo-switch units, six miniaturized local 
controls, four fire and overheat detection 
models, four snap action controls and seven 
electronic controllers. (8 pp) Fenwal Inc., 
Ashland, Mass. 
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For Your 3-Ring Binder 
NEW DATA SHEETS 


Most of these data sheets contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the data sheets listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








Slip Rings 927 
Described are the long-wearing, low-noise 
characteristics, plus other data, of several 


types of slip rings that incorporate solid and 
clad precious metals. Specific information 
that is needed to satisfy individual require- 
ments is given. Metals & Controls Inc., Attle- 
boro, Mass. 


Telemetry Receiver 928 


FM crystal controlled phase-lock telemetry 
receiver has a low noise figure of 6 db and 
a tuning range from 130-140 mc covering 
the recently assigned satellite band. Receiver 


mounts on a_ standard 19-inch rack and 
measures 834 in. high and 16% in. deep 
Vitro Electronics, Silver Spring, Md. 

Pressure & Density Control 929 


Handy references for design engineers spe- 
cifying environmental controls for measure- 
ment and monitoring are two tables that give 
standard pressures and densities for each 
100 feet of altitude from 0 to 100,000 ft. 
Also included is information on environmental 
sensing and switches associated with monitor- 
ing and control of pressure and density. 
Newark Controls Co., Bloomfield, N.J. 


Microcircuitry Techniques 907 


A technical data sheet contains performance 
data on materials used in “thin film integrated 
circuitry.” Data represent the result of exten- 
sive testing and indicates the practicability of 
constructing microcircuits on a production scale 
with present state of the art, materials and 
components. Halex, Inc., El Segundo, Calif. 


Thermostats 932 


Covering both hermetically sealed and semi- 
enclosed styles, 4-page data sheet gives full 
dimensional details, ranges, tolerances, differ- 
entials and Type A thermostat ratings. Uses 
include all types of heater controls and over- 
temperature protection subject to vibration 
and shock. Stevens Mfg. Co., Inc., Mansfield, 
Ohio. 


Time Code Generators 905 


Eight different time code generators for sup- 
plying missile and space vehicle instrumenta- 
tion timing codes are listed in tabular form. 
Their outputs are depicted in pulse waveforms. 
Electronic Engineering Co., Santa Ana, Calif. 


AUGUST 1961 


Mesa Transistors 922 


Low saturation voltages and low input im- 
pedance of 8 new silicon mesa transistors 
make these devices suitable for high level 
linear amplifiers and general switching ap- 
plications. Typical circuits include servo driver 
and output stages, pulse amplifiers, solenoid 
drivers and dc to ac converters. Although 
the transistors are designed for medium 
power applications (4 and 5 watts average 
continuous dissipation, maximum, with a case 
temperature of 25°C), the “A” versions will 
dissipate 20-watts peak power at 25°C with 


a pulse width of 0.8 milliseconds. General 
Electric Co., Liverpool, N. Y. 
Size 23 Synchros 919 


Detailed specs to aid in rapid selection of 
Size 23, 60 cycle thru-bore synchros for servo 
applications are given in data sheet. More 
than 25 characteristics are listed for trans- 
formers, transmitters, differential transmitters 
and receiver transmitters that all meet MIL- 
S-20708A. Vernitron Corp., Carle Place, N. Y. 


Planar Acceleration Switch 920 


Because a new acceleration switch is truly a 
planar device, an unlimited variety of vector 
patterns is possible and practicable. Units 
are in production with such vector diagrams 
as circular, offset circular, parallel extreme, 
square and elliptical. Almost any imaginable 
configuration, including re-entrant curves, can 


be produced. Aerodyne Controls Corp., 
Farmingdale, N. Y. 
“Atomiclad” Contacts 921 


New contact rivet is made by a new process 
which atomically bonds a noble metal contact 
surface to a rivet body of base metal. Data 
sheet explains how this technique produces 
a contact of superior physical and electrical 
properties at a lower cost. Gibson Electric 
Co., Delmont, Pa. 


Resistor Modules 930 


Wafer thin, miniature package containing 
four binary resistors provide any resistance 
value between 1 ohm and 1,222,221 ohms in 
1 ohm steps. Called Resist-O-Stats, they are 
valuable in critical circuit design applications 
requiring precise resistance values and can 
also be used in determining unknown resis- 
tance values. Accuracies range from +0.1% 
for values from 1,000 ohms to 1.1 megohm, 
to +1% for low value resistors from 1 to 
11 ohms. General Resistance, Inc., N.Y., N.Y. 














COMPONENTS 
DIGEST 


Instrument Servo Motors 
Precision Potentiometers 
Electromagnetic and 
Potentiometer Transducers 


Environmental Testing 
Sensitive Relays 

Connectors and Fasteners 
Analog-Digital Converters 
Electromechanical Switches 
Fractional Horsepower Motors 


An indispensable sourcebook of design 
information. First published in ELEC- 
TROMECHANICAL DESIGN and 
now collected in one easy-to-consult 
volume. Puts at your fingertips com- 
plete surveys of each of the categories 
listed above. Easily worth twice the 
price — $7.00. Get your copy now. 
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without 






complicated 





* gearing... 


SIERRA MINIATURE MECHANICAL 
CHAIN AND SPROCKETS.. 





Provide precise, positive motion transfer 

| through several planes simultaneously with NEW 
| no cable slippage...no complicated gearing. CATALOG 
| Unlimited center-to-center selection for min- 4 
| iature and sub-miniature assemblies in servo 
| systems, gyro systems, special cameras, 
| electronic equipment, and small precision 
| instruments. Less weight, cost, maintenance 
| 

| 

| 

| 

| 

| 

| 

| 

| 





—wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with root ilies 
diameter of .250 inches. Chain pitch application data, 

.1475 inches; Weight .45 oz. per lineal ft. specifications, 


- z A tables on chain 
Material: stainless steel, or other materials. pitch and sprocket 


sizes, suggestions 
for calculating 
center-to-center 


SIERRA 
ENGINEERING CO. distance. Write 


for yours today. 
123 E. Montecito Sierra Madre, Calif. 
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How To Get Things Done 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, 
spot-lighted in color. You See what is happening at 
a glance. Facts at eye level — saves you time, pre- 
vents errors. 

Simple, flexible — easily adapted to your needs. 
Easy to operate. Type or write on interchangeable 
cards, snap in grooves. Ideal for production, schedul- 
ing, sales, traffic, inventory, etc. Made of metal. 


Compact, attractive. 
Full price $49 50 with cards 

FREE 24-Page Illustrated Booklet AK-40 

Mailed Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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¢ Oscilloscopes | 
© Amplifiers j 
/ ¢ Signal Generators 

j e Power Supplies 


ELECTRONIC TEST 
EQUIPMENT 





SLIP RINGS AND 
py ASSEMBLIES 





e Power Handling Types 
@ Missile System Assemblies 
e RF to 600 Megacycles 










MICROWAVE 
COMPONENTS 


e Waveguides and Fittings 

@ Magnesium, Aluminum, Brass 
e RF Generators i 
* Radar Devices , 
e Antennas 


AIRBORNE 
INSTRUMENTS 





e Synchro Transmitters & Indicators 
e Radio Compasses 

e Autopilot Assemblies 

e Gyros and Gyro Components 


.* 
Digital Readout Devices 
Synchros 


Analog-Digital Converters 
Subsystems 


a ngs 


PRECISE AND RELIABLE 





ot an inability 


COMPUTER 
GUIDANCE 
DEVICES 









FROM MEMCOR 


Model Engineering offers “package responsibil- 
ity” in all phases of electronic, microwave, con- 
trol, indicating and computing instrumentation. 
Facilities are available at all levels of customer 
requirements — from research and development 
through production of the simplest or most com- 
plex components, assemblies and subsystems. 









model engineering & manufacturing corp. 
50 frederick street ® huntington, indiana 





plants in huntington; boyne city, mich.; 
sali lake city 
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LIGHT IN SALT A/R? 




















Pressure switches that only turn on warning 
lights in uncontaminated air find it tough 
going in such a simple thing as salt air 
atmospheres. 

The way you beat this problem is to check 
the pressure switch under every known operat- 
ing requirement . . . not just in a vacuum, or 
0% humidity or just at sea level, for instance. 

Take Model 6621 shown at right that can 
do so many jobs. . . operate warning lights, 
measure fuel and oil pressures, actuate air- 
conditioning for electronic gear. This model, 
in ranges from 5 to 1000 psig, operates be- 
tween —65 to 275°F, withstands shock up to 
100 g’s and vibration to 2000 cps. It is only 
14%.6” diameter by 2%” and weighs but 
two ounces. 

Copy us. Test it yourself for six weeks under 
all the requirements of your job. 

Or save six weeks by checking our own test 
data on a full line of pressure switches for the 
type that meets your needs best. Call Mr. 
Charles Colt at Consolidated Controls, Bethel, 
Conn. Phone Pioneer 3-6721, DDD Code 203. 





























Inches of Water 
to Hundreds 
of Atmospheres 


Model 6621 shown above is one of 
more than 300 pressure switches 
available from Consolidated Con- 
trois for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F. 
Standard models for 
« high vibration 
¢ differential pressures 
¢ hydraulic 
* miniaturized applications 
« high temperature 
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CONSOLIDATED CONTROLS CORPORATION 


— BETHEL, CONNECTICUT 
7 AMember | INGLEWOOD, CALIFORNIA 
of The Condec Group 








ADVERTISING PRODUCT INDEX 


Product Page 
Amplifiers, control 44 
Amplifiers, dc, 100 watt 27 
Amplifiers, servo 30, 67 
Amplifiers, solid state 52 
Analyzer, gear 65 
Bearings, ball miniature 4] 
Bearings, spherical 73 
Carbon graphite 68 
Choppers 36 
Chains and sprockets 80 
Clips 72 
Components, digital computer 19 
Components, guidance 8] 
Components, microwave 8] 
Connectors, electrical 21 
Contacts 66 
Control systems 10 
Control systems, temperature 11 
Counters, magnetic 42 
Counters, mechanical Cover 4 
Differentials, computing 73 
Digital recording voltmeter 2 
Display boards 80 
Drives, package 44 
Electrical connectors 21 
Employment 57 
Encoders, shaft 19 
Environmental cabinets, temp. 74 
Environmental control 68 
Explosion proof valves 17, 18 
Filters, frequency Cover 3 
Gears, precision 75 
Indicators, angle 47 
Indicators, elapsed time 50 
Insulating materials 56 
Mechanical counters Cover 4 
Motors, ac, de 23 
Motors, digital 53 
Motors, gear 65 
Motors, servo 33, 72 
Motors, shaded-pole 69 
Motors, synchronous 70 
Motors, universal 19 
Parts, precious metal 64 
Plating, gold 56 
Potentiometers, low torque film ] 
Potentiometers, trimming 60 
Power supplies 22, 52 
Precious metal parts 64 
Relays Cover 2, 10,71 
Relays, overload 5 
Relays, power 16 
Resistors, power 58 
Scales, electronic 69 
Seals, pressure strips 59 
Semiconductor cooling 31 
Shields, magnetic 62 
Slip-ring assemblies 81 
Solenoid valves 17, 48 
Speed reducer 74 
Spherical bearings 73 
Supplies, power 22, 52 
Switches 10, 66 
Switches, co-axial 63 
Switches, lever actuated 25 
Switches, pressure 16, 26, 82 
Switches, uniplane 48 
Tachometers 51 
Tapes, pressure-sensitive 55 
Test equipment 19, 81 
Thermostats, mercury type 11 
Timers, recycling 7 
Transducer, pressure 66 
Transducer, variable reluctance 65 
Wire, electroplated 55 
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Strictly fresh filter ideas... 








. »» Unscramble Problems with Daven LC Egg Crate Filters 


aven has taken a fresh approach to some brand 

C) new problems — how to build peak reliability, 
small size and light weight into filters for many 

critical applications, including underwater sound equip- 
ment and command-destruct devices for missiles. Here, 
for instance, are two typical specs: 
(a) one filter with a center frequency of 5.0 Mc + 5 KC, 
3 db bandwidth of 200 KC, 60 db bandwidth of 480 KC, 
ripple of less than .5 db; 
(b) another filter has a center frequency of 26 Mc + 26 
KC, 3 db bandwidth of 560 KC, 60 db bandwidth of 1,700 
KC, ripple of less than .5 db. 


FILTERS 





A SUB IDIARY OF 
GENE) AL MILLS 





These are ideal for pulse-type circuits or those with 
uniform phase characteristics and, as is the case with all 
Daven filters, can be pre-tuned in the circuit to eliminate 
additional adjustment during assembly. 


Daven supplies filters which are excellent for medium and 
wide bandwidths. Wherever undercoupled response is per- 
mitted, bandwidths as narrow as .5% can be supplied. All 
are available in quantity, identical to the prototype. 

For complete assistance in low audio range filters, as well 
as filters with special high frequency characteristics, send 
details of your specific application. 


THE DAVEN COMPANY, Livingston, New Jersey 


TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY 








ANOTHER NEW PRODUCT FROM CPPO© 






° with LARGEST numerals ($) 
» in the LEAST panel space 
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LATITUDE COUNTER 39100000—This miniature Boo 
counter provides latitude indications adding from 00°00'N 
to 89°59° N and stop in north presentation. With reversed ALL COUNTERS 

rotation of input shaft north flag (N) switches to south (S) SHOWN ACTUAL SIZE 
at 00°00’ and presentation then adds to 89°59'S and stop 





MAGNETIC VARIATION COUNTER 39300000—This miniature mag- 




























LONGITUDE COUNTER 39200000—This miniature longitude counter provides 
~~! oe 5 pent aes nig 4 ee ee ee longitudinal indications adding from 000°00' to 179°59'W in west presentation 
put shaft in same direction the west flag (W) switches to east (E) With continued rotation of input shaft in same direction the west flag (W) 
and the presentation then subtracts from 179°E to 000°E. Con switches to (E) and the presentation then subtracts from 179°59’E to 000°00’E. 
tinued rotation shifts the flag back to west again and presentation Continued rotation shifts flag back to west again and the presentation is added 
is added at 000°W to 179°W. Reverse rotation reverses presentation at 000°00'W to 179°59’W. Reverse rotation reverses presentation 

- . 
< ead oe Jee 
SPECIFICATIONS 
Miniature Mechanical Counters 
Latitude,Longitude and Magnetic Variation Series 
INPUT SPEED BEARINGS 
800 r.p.m. maximum intermittent; ABEC 5 stainless steel ball 
500 r.p.m. continuous bearings on all shafts 
INPUT TORQUE WEIGHT 


4 ounces maximum 





1.0 inches-ounces maximum at 25°C 


: ROTATION 
8 Reversible with continuous one way rota- 
+. CROSSOVER TORQUE tion. Fifteen revolutions of input shaft 


3.0 inches-ounces maximum at 25°C changes readings by 2°40’ for the lati- 
i tude and longitude counters. Fifteen 
revolutions of input shaft changes read- 





MATERIALS ing by 160° for the variation counter. 
Housing: Black anodized aluminum NUMERAL SIZE 

Drums: Diallyl Phthalate black .250” high: .031” line width. White 
Internal parts and input shaft: characters on black. 1,000 diameter 
Stainless steel wheels per MS-33558 (ASG) 





Engineers: Join the ee in the slechenacianied saanoiaetts field. Write David | D. Brown, Director of ‘Pensenal. 


CLIFTON PRECISION PRODUCTS CoO., INC. 


Clifton Heights, Pennsylvania 
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